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THE  SCIENCE  OF  NAVAL  ARCHITECTURE.* 

BY 

DAVID    WATSON    TAYLOR,    D.Eng., 

Chief  Constructor,  Chief  of  Bureau  of  Construction  and  Repair,  United  States  Navy. 

The  art  of  shipbuilding  was  undoubtedly  developed  at  a  very 
early  stage  of  the  history  of  the  human  race.  The  earliest  record 
of  a  ship,  as  distinct  from  a  boat,  canoe,  or  other  small  craft, 
is  found  in  Egyptian  carvings  of  a  date  alx)ut  3000  B.C.  But  the 
science  of  naval  architecture,  like  so  many  other  branches  of 
science,  developed  slowly,  this  science,  as  now  accepted,  being 
mainly  a  development  of  the  last  hundred  years,  we  may  almost 
say  of  the  last  fifty  years. 

The  famous  Swedish  naval  architect  and  shipbuilder,  Henry 
de  Chapman,  published  a  treatise  on  shipbuilding  in  1775.  As 
late  as  1820  we  find  Doctor  Inman,  the  head  of  the  Royal  Naval 
College  and  School  of  Naval  Architects  in  Portsmouth  Dockyard, 
England,  publishing  a  translation  of  Chapman  for  the  instruction 
of  English  students  of  naval  architecture.  Chapman's  work,  so 
far  as  it  deals  with  the  science  of  naval  architecture,  consists 
largely  of  empirical  rules,  although  it  was  far  in  advance  of 
his  day,  and  much  of  it  is  still  applicable  to  sailing  ships.  In  some 
respects  his  ideas  were  largely  erroneous,  an  example  being  his 
theories  regarding  resistance  of  ships.  In  fact,  it  was  not  until 
a  hundred  years  after  Chapman's  time  that  the  science  of  naval 
architecture  was  enriched  by  sound  theories  concerning  this 
important  branch. 

*  Presented  at  the  Stated  Meeting  of  the  Institute  held  Wednesday,  May 

16,   191 7,  when  Dr.  Taylor  received  The  Franklin  Medal  in   recognition  of 

"  His  fundamental  contributions  to  the  theory  of  ship  resistance  and  screw 

propulsion,  and  of  his  signal  success  in  the  application  of  correct  theory  to 

the  practical  design  of  varied  types  of  war  vessels  in  the  United  States  Navy." 
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Dealing;  with  the  sailing  vessels  concerning  which  Chapman 
wrote.    Kuskin  said  : 

•'Take  it  all  in  all,  a  ship  of  the  line  is  the  most  lu^norable  thing  that 
man  as  a  gregarious  animal  has  ever  produced.  By  himself,  unaided,  he 
can  do  bettter  things  than  ships  of  the  line;  he  can  do  poems  and  pictures 
and  other  combinations  of  what  is  best  in  him.  P>ut  as  a  being  living  in 
tlocks  and  hammering  out  with  alternate  strokes  and  mutual  agreement 
what  is  necessary  for  him  in  those  places,  to  get  or  produce  the  ship  of  the 
line  is  his  first  work.  Into  that  he  has  put  as  much  human  patience,  com- 
mon sense,  forethought,  experimental  philosophy,  self-control,  habits  of 
order  and  obedience,  thoroughly  wrought  handiwork,  defiance  of  brute 
elements,  careless  courage,  careful  patriotism,  and  calm  expectation  of 
the  judgment  of  God  as  can  well  be  put  into  a  space  300  feet  long  and  80 
feet  broad,  and  I  am  thankful  to  have  lived  in  an  age  when  I  can  see  this 
thing  done." 

This  is  what  Ruskin  thought  and  wrote  years  ago  of  the  ship 
of  his  day.  His  words  are  even  more  true  of  the  ship  of  our 
present  day  and  generation.  His  300  feet  of  length  has  trebled, 
and  the  size  of  such  a  ship,  as  measured  in  terms  of  w^eight,  has 
grown  nearly  ten  times.  These  modern  ships  have  been  made 
possible  by  the  development  of  the  science  of  naval  architecture. 
This  science,  alone  and  unaided,  w^ithout  parallel  development 
in  practically  all  of  the  arts,  sciences,  and  trades,  could  not  have 
produced  these  ships ;  but,  so  far  as  the  ship  itself  is  concerned, 
all  the  great  progress  in 'every  branch  of  science  and  industry 
could  not  have  produced  this  concentrated  embodiment  of  human 
intelligence  without  the  development  and  advancement  of  naval 
architecture  or  the  theory  of  shipbuilding,  a  branch  of  applied 
science  which  calls  upon  and  draws  from  an  exceptional  number 
of  the  arts  and  sciences. 

The  modern  battle  cruiser,  whose  building  is  just  being  under- 
taken in  this  country,  is  an  excellent  example  of  the  mutual 
agreement  and  coordination  necessary  between  all  the  arts  and 
sciences  in  the  work  of  the  naval  architect.  These  vessels  of 
ours  will  be  of  35,000  tons  displacement,  and  will  be  capable  of 
a  speed  through  the  water  of  some  35  knots,  or  a  little  over  40 
statute  miles  per  hour.  To  drive  this  mass  at  this  speed,  there 
will  be  required  a  machinery  installation  capable  of  delivering 
180,000  horsepower.  The  vessels  are  850  feet  in  length;  they 
will  carry  ten  high-powered  14-inch  guns  as  a  main  battery,  with 
the  addition  of  a  large  number  of  guns  of  smaller  calibre,  to  say 
nothing  of  the  torpedo  tubes. 
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Let  US  consider  \cry  sliortly  .'i  few  of  the  sciences  invoKed 
when  we  undertake  to  build  sucli  a  vessel.  It  is  hardl\'  necessary 
to  say  thai  this  undertaking;-  would  not  have  been  possible  with- 
out the  slow,  steady  development,  throuj^h  the  a^es,  of  the  various 
theorems  of  pure  mathematics,  which,  in  their  applied  forms,  have 
been  necessary  to  material  pro<;-ress  in  the  various  branches  of 
engineering.  In  addition  to  its  general  application,  mathematics 
has  made  possible  the  modern  systems  of  control  of  the  firing  of 
the  great  ginis,  which  permit  them,  with  a  considerable  degree  of 
accuracy,  to  drop  a  shell  weighing  a  ton,  on  a  comparatively  small 
target,  at  a  distance  oi  12  to  15  miles.  This  accurate  control  of 
hre  is  based  largely  on  instruments  or  mechanisms  which  permit 
the  instantaneous  solution  of  problems  containing  as  many  as 
half  a  dozen  variables. 

Likewise,  these  ships  could  not  be  possible  without  the  aid  of 
astronomy,  for  it  is  through  the  development  of  that  science, 
and  through  the  experimental  results  made  possible  l)y  it,  that  the 
various  navigational  instruments  can  be  utilized  to  permit  a 
sure  and  safe  passage  of  the  ship  from  one  point  of  the  earth's 
surface  to  another. 

Chemistry  has  played  its  part,  not  only  in  its  general  con- 
tributions to  all  engineering  progress,  but  also  in  its  solution  of 
specific  questions  and  dif^culties,  such  as  are  involved  in  the 
manufacture  of  propellent  powders  and  high  explosives  in  forms 
that  may  be  safely  handled  and  carried  on  such  a  vessel  until  the 
selected  moment  for  turning  loose  their  destructive  forces. 
Chemistry,  also,  through  its  particular  manifestation  in  the  form 
of  metallurgy,  has  played  one  of  the  most  important  parts,  by 
providing  numerous  varieties  of  steel,  ferrous  alloys,  and  non- 
ferrous  metals,  which  are  used  in  the  various  parts  of  the  ship 
and  its  equipment,  many  of  these  having  been  developed  solely 
for  the  use  to  which  they  are  put  in  such  vessels  as  these. 

Physics,  in  its  various  branches,  has  played  a  prominent  role. 
In  optics  it  has  given  us  the  theories  of  and  has  made  practicable 
the  various  instruments  wdiich,  in  conjunction  with  fire  control 
systems,  make  possible  the  accurate  firing  of  guns  and  torpedoes, 
without  which  such  a  vessel  w^ould  have  no  raison  d'etre. 

Acoustics  has  played  its  part  in  the  solution  of  many  particu- 
lar problems  and  difficulties,  for,  in  the  same  way  that  coordina- 
tion  has  been   carried   out   in   constructing  the   ship,   the   most 
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complete  and  harmonious  coordination  of  all  parts  of  its  (jrg-aniza- 
tion  is  necessary  in  her  hour  of  trial  by  battle.  This  is  rendered 
possible  only  by  the  most  perfect  means  and  instruments  of  com- 
munication throughout  all  parts  of  the  vessel.  These  systems 
of  communication  must  be  such  that  they  will  not  break  down  in 
the  midst  of  the  noises  and  confusion  of  battle,  or  l^ecause  of  the 
high  mental  tension,  at  such  times,  of  the  personnel  using  them. 

The  sciences  of  physiology,  medicine,  and  hygiene  must  like- 
wise play  their  parts,  for,  during  the  long  years  of  peace,  each 
of  these  vessels  must  be  the  healthful  and,  as  far  as  possible, 
the  happy  home  for  anywhere  from  looo  to  1500  men.  This 
means  that  what  we  term  in  the  navy  ''  berthing  and  messing  " 
facilities,  or  what  in  civil  life  would  be  referred  to  as  the  "  housing 
and  feeding  "  conditions,  must  be  based  on  the  most  modern 
scientific  principles.  Likewise,  to  insure  efficiency  in  battle,  the 
design  must  take  careful  cognizance  of  what  these  sciences  have 
taught  us  as  to  the  limitations  of  human  endurance  when  working 
at  high  pressure  under  adverse  conditions.  Nor  do  we  stop  at  this 
point,  for  there  is  provided,  in  addition,  a  completely  equipped 
medical  establishment  or  hospital,  including  operating-rooms, 
isolation  w^ards  for  contagious  diseases,  special  examining  and 
treatment  rooms,  dental  facilities,  etc. 

W^ithout  further  enumeration  of  the  many  other  branches  of 
science  and  engineering  which  necessarily  enter  into  the  design 
of  one  of  these  great  ships,  let  us  consider  more  closely  the 
principal  branches  of  naval  architecture  proper.  This  is,  broadly 
speaking,  the  division  of  engineering  which  enables  us  to  make 
use  of  accumulated  progress  and  knowledge  to  produce  one 
workable  and  efficient  assembled  unit  in  the  form  of  a  ship.  Its 
branches  closely  parallel  the  primary  operations  necessary  in  the 
design  of  such  a  ship,  as  has  been  described.  Given  the  funda- 
mental requirements  of  the  design,  which  in  the  naval  service 
we  term  military  characteristics,  and  which  consist  of  a  brief 
statement  of  the  results  which  it  is  desired  to  obtain  with  the 
completed  vessel  in  service,  it  is  first  necessary  to  make  an 
estimate  of  the  size  of  the  ship  which  will  permit  a  solution 
of  the  design  problem.  The  first  estimate  or  approximation  must 
be  based  largely  on  previous  practice  and  experience.  Before 
the  development  of  naval  architecture,  in  its  modern  sense,  the 
necessity  usually  involved  rather  slow  step-by-step  progress  from 
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one  ship  to  another.  Naval  architecture  has  now  taught  us  how 
to  make  these  steps  much  greater,  so  that  during  the  last  quarter 
of  a  century  advances  which  would  have  been  bold  to  rashness 
at  an  earlier  time  have  become  almost  routine.  The  rule  of  step- 
by-step  progress  referred  to  above  has  at  least  one  remarkable — 
we  may  almost  say  astonishing — exception.  Some  65  years  ago 
a  famous  English  civil  engineer  and  bridge  builder  turned  to 
shipbuilding.  Maintaining  that  the  larger  the  ship  the  more 
economical  and  efficient  her  operation,  Brunei  attracted  large 
capital  and  in  association  with  Scott  Russell,  the  shipbuilder 
and  naval  architect,  finally  produced  the  Great  Eastern,  which 
was  indeed  a  giant  by  a  pigmy  when  compared  with  the  other  iron 
steamships  of  her  day.  Her  keel  laid  in  1854,  launched  in 
1858  after  many  difficulties,  and  put  in  service  in  1859,  the  Great 
Eastern  w^as  not  a  commercial  success.  She  fell  short  of  the 
expectations  of  her  designers  in  many  respects.  The  successful 
completion  even  in  five  years  of  such  a  vessel  was  truly  a  re- 
markable accomplishment,  but  her  size  was  ahead  of  her  day,  and 
it  w^as  not  until  1899  ^^^^  ^^^  ^^^  ^^  again  reached.  As  already 
stated,  progress  is  more  rapid  nowadays  than  heretofore,  but 
even  now  naval  architecture  would  hardly  enable  us  to  take,  with 
confidence,  such  a  leap  as  the  Great  Eastern  promoters  undertook. 
When  in  the  early  stages  of  a  design  we  have,  based  on 
previous  practice  and  experience,  reached  a  first  approximation 
to  the  size  of  the  vessel,  it  is  next  necessary  to  examine  in 
detail  the  problems  of  strength,  stability,  resistance,  and  propul- 
sion of  the  ship.  These  represent  broadly  the  main  divisions 
of  our  subject.  Naval  architecture,  as  a  whole,  and  its  branches, 
like  engineering  generally,  has  not  yet  become  an  exact  science, 
and  in  some  respects  it  appears  impossible  that  this  will  ever 
be  attained.  The  strength  and  stability  of  ships,  for  example, 
should  be  such  as  to  enable  them  to  withstand,  under  all  con- 
ditions, the  waves  of  the  sea,  but  the  latter  are  infinite  in  variety, 
and  the  attempt  must  be  to  provide  for  any  manifestation  arising 
from  this  variety.  It  is,  therefore,  not  possible  in  a  new  problem 
to  lay  dow^n  an  exact  condition  of  w^ater  surface,  and  say  that 
if  our  ship  can  stand  this  condition  it  can  stand  all  others.  The 
best  we  can  do  is  to  make  an  approximation  of  the  most  severe 
condition,  based  on  previous  accumulated  experience  and  observa- 
tion.    There  have  been  made  many  thousands  of  observations 
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on  sea  waves,  biU  llicrc  is  yet  no  complete  agreement  in  re^^ard 
to  tlieir  limiting  characteristics,  such  as  length,  height,  and  the 
relations  existing  between  these  dimensions. 

About  the  middle  of  the  last  century  Rankine  gave  us  the 
first  complete  mathematical  theory  of  the  formation  and  char- 
acter of  waves,  known  as  the  trochoidal  theory;  his  result  had, 
however,  l)een  largely  predicted  by  Grestner  more  than  sixty  years 
before.  Although  Kankine's  theory  does  not  explain  and  is  not 
entirely  consistent  with  all  phenomena  of  this  nature,  it  is  gen- 
erally accepted  to-day  as  a  reasonable  and  convenient  approx- 
imation of  the  facts,  and  it  is  usually  upon  stresses  due  to  weaves 
such  as  result  from  Kankine's  theory  that  we  have  our  determina- 
tions of  strength  of  vessels. 

We  find  that  from  the  very  beginning  of  practical  ship- 
building the  problem  of  strength  was  recognized  in  concrete 
form,  for  in  the  very  first  ship  of  wdiich  we  have  historical  record 
its  picture  shows  what  we  now  term  a  "  hogging  "  girder,  which 
w'as  provided  to  take  the  strains  resulting  from  the  variation 
between  distribution  of  w^eight  and  distribution  of  buoyancy. 
It  was  the  existence  of  these  strains,  and  the  fact  that  they  in- 
creased with  increase  in  length  of  ships,  that  operated  to  limit 
the  length  and,  consequently  the  size  of  ships  during  the  era  of 
wooden  shipbuilding,  as  it  was  then,  and  still  is  impracticable  to 
develop  the  full  strength 'in  end  connections  between  contiguous 
wooden  members.  The  introduction  of  iron  and  steel,  in  con- 
junction with  the  development  of  methods  and  mechanisms  for 
riveting,  has  made  the  modern  ship  possible.  For  many  years 
the  provision  of  the  necessary  strength  depended  largely  on 
rule-of-thumb  methods  and  step-by-step  development  from  one 
ship  to  another.  Such  methods,  of  course,  led,  in  the  ma- 
jority of  cases,  to  one  of  two  results  :  either  deficiency  of  strength, 
or  excess  of  strength.  For  any  structure  erected  on  shore,  the 
latter  fault  is  not  necessarily  a  serious  one,  except  from  the  point 
of  view^  of  cost.  On  a  ship,  how^ever,  too  much  material  is  al- 
most as  grave  an  error  as  too  little,  for  every  ship  is  built  to 
perform  some  distinct  service,  and,  as  a  floating  body,  can  carry 
for  all  purposes  only  the  equivalent  of  the  weight  of  water  which 
it  displaces.  Every  pound  which  goes  unnecessarily  into  the 
structure  of  the  ship  itself  is  a  dead  loss  to  the  aim  or  object  for 
which  the  vessel  is  designed.     The  modern  theory  of  longitudinal 
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streiii^th  for  a  \csscl,  as  based  011  many  \cars  of  observaticjn  and 
cxiK'rimcnts,  has  its  origin  in  ilic  simple  fnndanienlal  theories  of 
strength  oi  beams  or  girders.  The  ship's  structure  as  a  whole 
is  considered  as  a  built-up  girder  with  upper  and  lower  tlanges 
and  connecting  webs.  This  girder  is  assumed  to  l>e  supported 
on  a  wave  of  length  equal  to  that  of  the  ship.  The  height  ui  this 
wave  is  assvmied  to  have  various  relations  to  its  length,  depend- 
ing upon  the  magnitude  of  that  length,  but  for  the  majority  of 
cases  this  relation  is  taken  as  one  to  twent\ .  This  girder  is 
then  assumed  to  be  supported  in  a  manner  represented  by  the 
buoyancy  curve  of  the  ship  when  floating  on  such  a  wave.  The 
form  of  this  buoyancy  curve  will,  of  course,  vary  with  the  posi- 
tion of  the  ship  in  relation  to  the  crest  and  hollow  of  the  wave, 
and  in  important  strength  calculations  it  is  redrawn  for  at  least 
two,  and  sometimes  as  many  as  six,  positions.  The  loading  of 
the  girder  is  represented  by  the  loading  of  the  ship,  including  its 
own  weight,  that  of  permanent  installations,  such  as  propelling 
machinery,  etc.,  and  that  of  the  variable  or  useful  load  carried. 
By  successive  integrations  and  the  use  of  the  simple  beam  for- 
mula we  then  arrive  at  the  figures  representing  stresses  and  strains 
in  the  theoretical  girder.  Some  experiments  have  been  made  from 
time  to  time,  notably  those  of  Biles  in  1903,  to  check  the  ac- 
curacy of  the  results  obtained  by  this  method,  but,  due  to  the 
cost  and  magnitude  of  such  experiments,  there  have  never  been 
collected  sufficient  data  to  enable  us  to  say  how  accurately  these 
results  do  represent  the  actual  stresses  in  the  ship  in  service. 
Accordingly,  we  are  still  largely  dependent  on  comparing  the 
figures  obtained  by  this  method  for  the  new^  ship  with  those  ob- 
tained by  the  same  method  for  previous  ships  that  have  shown 
adequate  strength  in  service. 

Possibly  due  to  the  fact  that  our  standard  wave  is  not  so 
steep  as  waves  having  the  length  of  short  ships,  and  steeper  than 
waves  having  the  length  of  long  ships,  it  seems  to  have  been  thor- 
oughly established  by  experience  that,  with  the  method  outlined 
above,  it  is  safe  to  allow^  larger  stresses  in  large  and  long  ships 
than  in  short  and  small  ones.  If,  for  instance,  we  find  that  by 
this  method  a  small  vessel  in  service  shows  satisfactory  results 
when  her  figured  standard  stress  is,  say  six  tons  in  compres- 
sion and  eight  tons  in  tension,  and  shows  indication  of  w^eak- 
ness  if  these  figures  are  materially  exceeded,  we  would  find  that 
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also  in  service  a  very  large  and  long  ship  would  show  no  signs 
of  weakness  with  eaieulated  stresses  as  high  as  ten  tons  in  com- 
pression and  twelve  tons  in  tension.  This  principle  appears  to 
have  been  acted  upon,  though  the  scientific  principles  underlying 
il  were  not  full\-  understood,  even  in  the  early  days  of  iron  ship- 
Imilding.  'J1iis  was  brought  out  about  fifty  years  ago,  when  our 
modern  methods  of  figuring  strength  were  first  applied  to  ships 
built  in  accordance  with  the  then  existing  rules  of  the  classifica- 
tion societies,  with  the  result  that  the  large  ships  of  that  day 
were  found  to  have  indicated  stresses  in  extreme  cases  nearly 
five  times  as  great  as  those  found  in  small  ships. 

There  are,  of  course,  a  very  large  number  of  strength  prol> 
lems  involved  locally  in  ships  themselves,  and  therefore  par- 
ticularly within  the  province  of  naval  architecture,  but  these 
are,  after  all,  secondary  when  compared  with  the  problem  of  the 
strength  of  the  main  structure. 

Turning  now  to  stability,  w^hich  is  the  measure  of  the  ability 
of  a  ship  to  remain  upright  or  to  return  to  the  upright  when  in- 
clined by  an  external  force  usually  impressed  by  varying  condi- 
tions of  water  surface,  we  find  that  the  full  and  exact  treatment 
of  this  branch  is  of  quite  modern  origin.  In  the  earliest  day 
adequate  stability  was  largely  dependent  on  carrying  ballast,  and 
the  amount  and  location  of  such  ballast  were  determined  by  trial. 
In  other  words,  except  by  following  more  or  less  closely  the  model 
of  a  previous  vessel,  there  was  no  means  of  determining  in  ad- 
vance whether  a  proposed  design  would  result  in  a  satisfactory 
stability  condition. 

About  the  middle  of  the  eighteenth  century  the  French  mathe- 
matician, Bouguer,  made  a  long  step  in  developing  the  science  of 
stability  by  developing  the  concept  of  the  metacentre.  In  mathe- 
matical language,  the  metacentre  is  the  centre  of  curvature  of  the 
locus  of  the  centre  of  buoyancy  of  the  vessel  as  it  is  inclined.  As 
a  practical  proposition  the  metacentre  is  the  limit  above  which  we 
cannot  locate  the  centre  of  gravity  of  the  ship  without  having 
her  initially  unstable  and  unable  to  remain  upright.  The  position 
in  space  of  this  imaginary  point  depends  upon  the  geometrical 
form  and  the  dimensions  of  the  ship.  Perhaps  a  homely  illus- 
tration may  clarify  the  matter.  If  you. take  an  ordinary  rock- 
ing-chair and  attach  a  weight  to  it  in  such  a  manner  that  the 
centre  of  gravity  of  the  chair  and  the  weight  is  above  the  centre 
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of  curvature  of  the  rocker,  the  chair  will  not  stay  put  and  will 
loll  over  and  capsize.  If  the  centre  of  gravity  is  materially  be- 
low the  centre  of  curvature  of  the  rocker,  which  is  the  case  when 
one  sits  in  an  ordinary  rocking-chair,  the  chair  will  remain  in  a 
fixed  position;  if  the  rocker  is  very  flat,  resulting  in  a  greater  dis- 
tance of  the  centre  of  gravity  below  the  centre  of  curvature,  the 
chair  will  be  stiff  and  harder  to  rock  or  heel  from  the  upright 
position.  The  metacentre  of  a  ship  corresix>nds  very  closely  with 
the  centre  of  curvature  of  the  rocker  as  already  described. 

After  Bouguer  developed  the  conception  and  mathematical 
methods  for  calculating  the  position  of  the  metacentre,  Atwood 
carried  the  matter  further  by  calculating  the  righting  arm  or 
lever,  which,  multiplied  by  the  weight  involved,  measures  the 
torque  when  a  vessel  is  inclined.  The  metacentric  conception 
applies  only  to  initial  stability  with  the  vessel  upright,  and  for 
many  years  appears  to  have  been  sufficient,  particularly  as  applied 
to  sailing  ships,  which  were  very  much  of  the  same  general 
type,  with  comparatively  small  variations  of  general  form,  rela- 
tive freeboard,  etc. 

Something  more  than  fifty  years  ago,  however,  the  loss  of 
the  Captain  brought  home  ver\-  strongly  to  naval  architects, 
particularly  in  England,  the  fact  that  there  was  another  factor 
involved  in  stability.  A  distinguished  English  officer.  Captain 
Cowper  Coles,  took  up  with  enthusiasm  the  monitor  idea,  first 
developed  by  Ericsson  in  this  country,  and  as  a  result  of  his 
campaign  there  was  built  in  England  a  low'  freeboard  vessel  called 
the  Captain,  with  turrets  and  also  full  sail  power.  Xaval  archi- 
tects of  the  English  Admiralty  were  not  enthusiastic  over  the 
type.  The  vessel  had  much  less  metacentric  height  than  the 
pure  monitor  type,  but  early  reports  and  experience  with  her  indi- 
cated that  she  would  be  a  great  success,  until  on  the  night  of 
September  7,  1870,  in  the  Bay  of  Biscay,  with  a  moderate  gale 
blowing,  she  capsized,  with  a  loss  of  481  lives,  including  Captain 
Coles  himself.  The  vessel  was  perfectly  safe  until  conditions 
were  such  that  she  heeled  over  enough  to  bring  her  deck  edge 
well  under  water.  After  that  her  righting  force  rapidly  de- 
creased, and  at  a  comparatively  small  heel  became  negative, 
resulting  in  capsizing.  Under  the  weather  conditions  existing 
the  force  of  the  wind  against  the  sails  of  the  Captain  w'as  suf- 
ficient to  heel  her  bevond  the  safetv  ang^le,  and  over  she  went. 
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The  investigation  into  tliis  disastrous  occurrence  brought  out 
tlic  fact  thai  a  \  csscl  with  a  conii)ara.tively  small  metacentric 
height  may  he  perfectly  safe  if  it  retains  a  righting  tendency 
at  a  large  angle  of  inclination — a  feature  associated  primarily 
with  high  freeboard.  On  the  other  hand,  a  low  freeboard  vessel, 
with  a  comparatively  short  range  of  stability,  may  also  be  per- 
fectly safe  if  its  metacentric  height  and  initial  stability  are  very 
great,  so  that  a  large  amount  of  work  has  to  be  done  to  incline  the 
vessel  throughout  its  comparatively  short  range  of  stability. 

Iliis  whole  question  is  now  fairly  well  understood,  and  the 
naval  architect  is  enabled  to  adjust  his  metacentric  height  as  he 
will  by  varying  proportions  and  dimensions  of  the  ship  to  suit 
the  position  of  the  centre  of  gravity  and  type  of  vessel — all  re- 
quiring very  careful  and  detailed  calculations.  As  a  matter  of 
fact,  there  are  passenger  vessels  crossing  the  Atlantic  in  perfect 
safety  with  no  initial  stability,  or  even  with  a  slightly  negative 
metacentric  height,  their  freeboard  and  shape  giving  them  a  range 
of  stability  of  as  much  as  90  degrees. 

Since  the  days  of  Fulton's  first  steamboat  the  design  of  vessels' 
hulls,  on  such  lines  as  to  give  the  minimum  resistance  in  passage 
through  the  water  at  varying  speeds,  consistent  w-ith  the  other 
characteristics  of  the  ship,  has  become  increasingly  important. 
This  is  well  illustrated  iji  the  case  of  the  new  battle  cruisers,  to 
which  I  have  already  referred.  To  arrive  at  the  most  advan- 
tageous dimensions  and  forrn  of  hull,  for  purposes  of  the  high 
speed  desired,  there  w^ere  made  and  tested  in  the  Model  Tank,  at 
A\'ashington,  upwards  of  tw^enty  models,  with  the  result  that 
the  resistance  of  the  model  finally  adopted  w^as  nearly  fifteen  per 
cent,  less  than  that  of  the  first  model  tried. 

I  would  particularly  invite  attention  to  the  fact,  however, 
that  this  was  by  no  means  due  to  improvement  in  shape  of  lines 
alone,  but  also  to  other  changes  w^hich  were  adopted  with  some  re- 
luctance, but  which  it  was  known  in  advance  would  materially  re- 
duce the  resistance.  Experience  in  recent  years  has  fully  con- 
firmed the  conclusion  draw^n  from  Model  Basin  investigations 
that,  for  high-speed  vessels,  the  length  is  a  primary  factor.  In 
fact  we  know  in  the  majority  of  cases  of  high  speed  vessels 
that  we  could  reduce  resistance  by  increasing  the  length.  This 
usually  involves,  ho\vever,  increased  weight  of  hull  and  other 
objections.   So  that  for  large,  fast  vessels  the  naval  architect  usu- 
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all\  adopts  dimensions  which  do  not  L;i\c  the  niininuini  resistance 
for  the  (hsplacenient,  hnl  the  l)est  all-around  result,  ojnsidering 
the  total  weight,  includinj^  lK>th  hull  and  machinery. 

Men-of-war  in  particular  are  i^enerally  made  relatively  shorter 
than  merchant  vessels,  for  the  reason  that  ordinarily  they  travel 
at  a  low  speed,  and  the  long  vessel  requires  more  power  at 
low  speed  than  the  short  vessel,  and  hence  on  a  given  endurance 
requires  a  greater  weight  of  fuel.  The  merchant  vessel,  particu- 
larly the  fast  passenger  vessel  making  its  passages  at  top  si)eed 
or  thereabouts,  must  be  economical  at  that  speed. 

A  hundred  years  ago  the  ideas  of  ship  resistance  were  en- 
tirely crude,  the  usual  opinion  being  that  the  resistance  was  in 
proportion  to  the  area  of  the  cross-section  of  the  vessel  which 
had  to  be  forced  through  the  water.  About  the  middle  of  the  last 
century  Rankine  put  forward  a  theory  which  went  to  the  opposite 
extreme.  His  proposition  was  that  in  a  well- formed  vessel  the 
resistance  was  entirely  due  to  the  friction  of  the  surface  against 
the  water,  and  he  developed  a  method  for  estimating  this.  Our 
modern  ideas  on  this  subject  are  due  primarily  to  William  Froude, 
the  originator  of  modern  experiments,  which  have  been  the  most 
useful  appliance  of  research  in  this  line  one  could  imagine.  The 
''  law  of  comparison,"  by  which,  from  the  resistance  of  a  small 
model  at  low'  speed,  we  can  closely  estimate  the  resistance  of  a 
large  ship  at  high  speed,  is  commonly  called  by  naval  architects 
''  Fronde's  Law.''  It  appears  to  have  been  originated  independ- 
ently by  Mr.  Froude,  although,  as  a  matter  of  fact,  it  is  a  par- 
ticular case  of  the  general  law  of  mechanical  similitude,  apparently 
first  enunciated  by  Newton. 

The  resistance  of  ships  by  the  Froude  methods  is  regarded  as 
made  up  of  three  elements:  The  friction  of  the  surface,  which, 
for  low-speed  vessels,  may  be  as  much  as  90  per  cent,  of  the  total, 
and  seldom  falls  below  50  per  cent.,  even  for  very  fast  vessels  ;  the 
wave-making  resistance,  due  to  the  energy  required  to  create  and 
maintain  a  system  of  waves  accompanying  the  motion  of  the  ship 
through  the  water ;  and  the  eddy  resistance,  due  mainly  to  eddies 
behind  stern-posts,  struts,  and  other  appendages,  and  hence  quite 
a  small  factor  in  the  total.  The  ''  law  of  comparison  "  applies 
with  great  accuracy  to  the  wave-making  resistance,  and  with 
reasonable  accuracy  to  eddy  resistance.  To  frictional  resistance 
it  is  not  applicable,  but  !Mr.  Froude,  b}'  experiments  on  surfaces, 
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established  cucflicicnls  of  frictional  resistance  which  are  used  to 
this  (hiv,  ahhough  for  some  lime  naval  architects  have  felt  that 
it  would  be  desirable  to  revise  these  ccjefiicients  upon  the  basis 
of  experiments  on  a  lar^^e  scale.  The  procedure  we  use  at  the 
present  time  in  obtaining  the  lines  for  a  ship  is  about  as  follows : 

By  the  use  of  tables  and  curves  which  have  been  produced 
as  the  result  of  years  of  experiment  at  the  Washington  Model 
Basin,  certain  coefficients,  representing  a  form  of  under-water 
body,  are  selected,  as  giving  a  close  approximation  to  the  best 
solution  of  the  particular  problem  in  hand.  By  the  use  of  these 
coefficients  we  can  arrive  at  approximation  to  the  best  dimensions 
for  any  particular  ship,  and  by  the  further  use  of  certain  standard 
forms  of  waterlines  can  draw,  with  little  difficulty,  the  lines  of 
the  vessel.  From  the  same  data  we  can  obtain  a  close  approxi- 
mation to  the  resistance,  at  varying  speeds,  of  a  hull  built  from 
these  lines.  These  steps  permit  of  settling  the  broad  general 
characteristics  of  the  design.  The  lines  so  drawn  are  then  sent  to 
the  Model  Basin,  w^here  a  model  to  exact  scale  is  built  and  its 
resistance  accurate^  measured  at  varying  speeds.  In  important 
designs,  as  in  the  case  of  the  battle  cruiser,  this  model  will 
receive  many  variations  in  shape  and  refinements  of  details  until  it 
appears  probable  that  the  minimum  resistance  for  such  a  hull 
has  been  reached.  The  resistance  curve  obtained  from  the  final 
model  is  then  used  as  the  basis  of  the  design  of  the  machinery 
plant  and  propellers  for  the  vessel. 

There  are,  of  course,  many  other  divisions  and  subdivisions 
of  naval  architecture  which  enable  us  to  foretell  with  a  consider- 
able degree  of  accuracy  the  behavior  of  a  vessel  under  the  many 
different  conditions  which  may  be  met  in  a  varied  career  of  ser- 
vice, as,  for  instance,  the  degree  of  punishment  w-hich  a  ship 
can  stand  before  sinking,  when  subjected  to  attack  by  gunfire, 
submarine  torpedo,  and  mine  and  aerial  bomb.  These  are  fac- 
tors which  hitherto  the  naval  architect  has  not  been  required  to 
consider  as  regards  merchant  ships.  If  present  piratical  methods 
of  war  at  sea  are  to  continue,  the  distinction  between  merchant 
and  war  vessels  wall  necessarily  disappear. 

As  regards  vessels  of  war,  experience  to  date  has  shown 
broadly  that  the  science  of  naval  architecture  has  provided  ships 
which  function  as  anticipated.  The  enormously  destructive 
weapons  of  the  day  are  able  to  destroy  in  time  anything  that 


July.  191 7.1       Tjik    ScIF.XCK    (IF    X.WAF    Art  1 1  ITKCTrRK.  I3 

floats,  and  without  disparaging-  Chilian's  dictum  tliat  "  (jood  men 
in  poor  ships  have  always  won  o\er  poor  men  in  good  ships," 
there  is  no  doubt  that  good  ships  are  essential  even  to  the  best 
men.  Our  ships  are  now  to  undergo  the  *'  trial  by  ordeal  "  of 
the  features  carefully  and  patiently  planned  in  past  years.  May 
thev  prove  worthy  of  the  good  men  that  man  them !  There  is 
one  final  thought,  however,  which  naval  architects  the  world  over 
feel  to-day.  The  progress  of  late  years,  which  has  seemed  rapid, 
will  seem  slow  indeed  by  the  side  of  the  progress  and  develop- 
ment which  must  and  will  be  made  during  the  years  just  ahead 
of  us. 

The  science  of  naval  architecture,  whether  applied  to  vessels 
of  war  or  peace,  has  a  weighty  part  to  play  as  the  world  under- 
takes to  meet  the  changed  conditions  of  war  time  and  of  the  time 
after  the  war. 


Zirconia,  a  New  Refractory  Product.  Axox.  (La  Chronique 
Industrielle,  vol.  40,  N^o.  291,  p.  8,  ]\Iay  2,  191 7.) — The  attention  of 
electro-metallurgists  has  recently  been  directed  to  the  value  of 
zirconia  or  oxide  of  zirconium,  whose  refractory  properties  appear 
to  be  applicable  to  electric  furnaces.  Free  zirconium  exists  in  three 
forms :  amorphous,  crystalline,  and  graphitic.  The  crystalline  form, 
with  a  density  of  6.4,  has  a  melting-point  of  approximately  2350^  C. 
Only  two  minerals  can  be  considered  as  commercial  sources  of 
zirconium :  the  natural  oxide  and  the  silicate.  Natural  zirconia 
contains  84  per  cent,  of  the  pure  oxide,  with  8  per  cent,  of  silica 
and  3  per  cent,  of  oxide  of  iron.  Purified,  zirconia  is  a  white 
substance  with  a  density  of  5  and,  according  to  Weiss,  a  temperature 
of  fusion  of  3000°  C. 

The  first  important  application  of  the  oxide  of  zirconium  was  as 
a  substitute  for  the  cylinders  of  chalk  in  the  Drummond  light. 
This  oxide  was  employed  in  the  manufacture  of  incandescent  gas 
mantles,  but  was  later  superseded  by  thorium  oxide,  which  gives 
equally  good  results  at  lower  temperature.  Another  application  was 
effected  in  1887  in  the  production  of  the  Nernst  lamp.  Mixed  with 
10  per  cent,  of  magnesia,  with  a  binder  consisting  of  starch,  phos- 
phoric acid,  and  glycerin  or  its  borates,  a  product  is  obtained  im- 
permeable to  liquids  and  unaft'ected  by  strong  or  fused  alkahne 
mixtures.  Its  uses  in  metallurg}'  are  very  promising.  In  trials  of 
a  ^lartin  furnace  in  a  steel  works  at  Remscheiden,  Germany,  a  lining 
of  zirconia  was  found  in  good  condition  after  a  run  of  four  months, 
and  apparently  capable  of  another  four  months'  service  without 
repair. 
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Preliminary  Study  of  the  Alloys  of  Chromium,  Copper,  and 
Nickel.  J).  l\  Mc  l'ARi,AM)  and  ().  \i.  JI.\ri)i:k.  {Bulletin  Xo.  93, 
l.iujinccriug  lixpcrimcnt  Station  of  the  University  of  Illinois.) — • 
'J1ie  growing  interest  in  special  acid-resisting  alloys  and  the  many 
uses  found  for  them  have  stimulated  both  the  search  for  efficient 
materials  of  this  nature  and  the  study  of  the  underlying  causes  of 
their  inertness.  Previous  studies  at  the  University  of  Illinois  have 
shown  that  the  almost  perfect  ins()lu])ility  of  certain  alloys  in  nitric 
and  other  acids  seems  to  be  conditioned  upon  a  proper  mixture  of 
chromium,  copper,  and  nickel,  together  with  smaller  quantities  of 
such  added  metals  as  tungsten  or  molybdenum. 

As  a  result  of  further  studies,  methods  have  been  developed  for 
making  castings  of  alloys  of  chromium,  copper,  and  nickel.  Twenty- 
one  binary  and  thirty  ternary  alloys  have  been  prepared,  and  physical 
and  chemical  tests  have  been  made  to  determine  the  properties  of  the 
various  alloys.  More  than  300  corrosion  tests  have  been  made  to 
measure  the  effects  of  acids  upon  metals.  In  general,  the  results 
indicate  that  certain  of  the  alloys  of  chromium,  copper,  and  nickel 
give  promise  of  becoming  of  great  commercial  importance  not  only  in 
the  construction  of  laboratory  apparatus,  but  also  in  manufacturing 
and  chemical  processes  in  which  the  handling  of  acids  is  involved. 

Copies  of  Bulletin  93  containing  the  results  of  these  tests  may 
be  obtained  gratis  from  C.  R.  Richards,  Director  of  the  Engineering 
Experiment  Station,  Urbana,  111. 

Reducing  Prints  on  Printing-out  Paper.  Anox.  {Revue 
ScientiUque,  vol.  Iv,  No.  7,  p.  209,  March  24-31,  April  7,  1917.)  — 
^lany  formulas  for  the  reduction  of  over-dense  photographic  nega- 
tives have  been  published,  while  the  reduction  of  prints  has  seem- 
ingly aroused  little  interest.  Nevertheless,  the  operation  has  value  in 
the  latter  field,  particularly  w^hen  the  prints  are  of  large  size  and  the 
paper  is  of  a  costly  grade.  The  method  employed  is  applicable  to 
old  prints,  as  it  is  necessary  to  work  with  a  toned  w^ashed-and-dried 
print.  The  print  is  immersed  into  a  solution  of  water,  100 ;  hyposul- 
phite of  soda,  10;  one  per  cent,  solution  of  bichromate  of  potash,  3. 
Reduction  begins  at  once  and  proceeds  evenly.  When  the  print  is 
sufficiently  reduced,  it  is  thoroughly  washed  and  dried.  Most  papers 
so  treated  retain  their  original  color,  though  a  few  braids  have  a 
tendency  to  assume  a  blue-violet  tone.  The  formula  gives  good  re- 
sults with  gelatin  papers.  Collodion  papers  require  a  somewhat 
different  treatment.  The  untoned  print  is  w^ashed  and  then  im- 
mersed in  a  solution  of  w^ater,  100 ;  one  per  cent,  solution  chloride  of 
gold,  I  :  hydrochloric  acid,  i.  The  image  at  first  appears  to  become 
spotted,  but  after  a  few  minutes  the  reduction  takes  place  evenly, 
while  the  toning  proceeds  normally,  the  color  gradually  changing 
from  a  brick-red  to  purple.  When  the  image  is  sufficiently  reduced, 
the  print  is  fixed  in  a  five  per  cent,  solution  of  hyposulphite  of  soda. 
The  tone  is  not  altered  either  in  fixing  or  drying,  and  the  prints  are  of 
fine  color  and  are  permanent. 


MODERN   DYNAMO   ELECTRIC   MACHINERY.- 
ALEXANDER  GRAY,  M.Sc, 

Professor  of  Electrical  Engineering,  Cornell  University,  Ithaca,  X.  Y. 
INTRODUCTION. 

Ix  few  fields  of  human  endeavor  has  there  l)een  such  remark- 
able progress  in  the  last  thirty  years  as  in  electrical  engineering. 
It  is  true  that  eighty-six  years  have  elapsed  since  the  principle  of 
magneto-electric  induction  was  discovered  by  Faraday,  and  that 
this  discovery  was  immediately  followed  by  the  production  of 

Fic.    I. 


Generating  station  of  1882  with  125-horsepower,  direct-connected  units.    The  parallel  field  coils 
and  the  forced  ventilation  are  of  interest. 

electric  generators  in  large  variety,  which  by  1865  were  no  longer 
mere  laboratory  machines,  nevertheless  these  generators  did  not 
begin  to  assume  great  commercial  importance  until  about  1880, 
by  which  time  electric  lighting  had  taken  such  a  hold  as  to  war- 
rant the  construction  of  central  stations.  Two  of  these  early 
stations,   installed  in   1882,  are  shown  in  Figs,    i   and  2.     The 

*  Communicated  by  the  Author.  Based  on  a  paper  presented  at  a  joint 
meeting  of  the  Electrical  Section  and  the  Philadelphia  Section,  American 
Institute  of  Electrical  Engineers,  held  Thursday,  February  8.  1917. 
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Hydro-electric  station  of  1882  with  a  connected  load  of  250  incandescent  lamps.  Thelong  poles 
and  the  parallel  field  coils  are  now  obsolete. 

Fig.  2A. 


Exterior  of  the  above  power  station. 
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Pearl  Street  station  of  the  Brooklyn  Edison  Company  started 
operation  with  a  connected  load  of  2323  incandescent  lamps,  and 
the  generators,  which  were  direct  connected  and  had  a  capacity 
of  125  horseix)wer,  were  considered  so  large  in  those  days  that 
they  were  generally  known  as  Edison  jumhos.^  The  hvdro-elec- 
tric  station  at  Appleton,  Wis.,  was  much  smaller  and  had  a  con- 
nected load  of  only  250  lamps. 

The  great  expansion  in  electric  lighting  which  started  about 
1886  led  to  a  gradual  increase  in  the  size  of  the  central  station, 
while  the  size  of  the  individual  unit  increased  from  the  125- 
horsepower  machines  of  1882  to  the  800-kilowatt  units  installed 
by  the  Brooklyn  Edison  Company  in  1891,^  and  the  1500-kilowatt 

Fig.  -.. 


First  Niagara  station  with  its  4000-kilowatt  units.   These  machines  were  in  operation  only  13 
years  after  the  installation  of  the  machine  shown  in  Fig.  2. 

unit  exhibited  at  the  World's  Fair  in  Chicago  in  1893.^  These 
machines  were  all  direct  connected  and  helped  to  make  that  prac- 
tice standard ;  most  of  the  early  stations  had  high-speed  generators 
belted  to  slow-speed  engines,  and  the  most  conspicuous  things  in 
some  of  these  early  stations  were  leather,  static,  and  stray  fields. 
By  1900  the  design  of  direct-current  machines  had  become 
somewhat  standardized,  the  various  criteria  for  a  good  design 

^ "  History  of  the  Brooklyn  Edison  Company,"  Electrical  Engineering, 
New  York,  vol.  21,  p.  25. 

^ "  History  of  the  Brooklyn  Edison  Company,"  Electrical  Engineering, 
New  York,  vol.  21,  p.  25. 

^  For  data  on  this  machine,  see  "  Electric  Generators,"  by  Parshall  and 
Hobart,  published  1900. 
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having  iK^come  pretty  well  understood.  With  that  date  as  a  start- 
in<^^  point,  we  shall  show  how  the  output  for  a  <j;iven  amount  of 
material  has  gradually  increased  as  the  accumulated  test  data  on 
actual  machines  allowed  designers  to  work  closer  to  the  limits, 
^\hile  the  gradual  introduction  of  interpoles,  which  has  led  to  a 
new  conception  of  what  is  meant  hy  sparkless  commutation,  has 
made  it  possible  to  build  machines  to  carry  overloads,  operate  at 
high  speeds  and  through  a  wide  range  of  speed  in  a  way  that 
most  people  considered  impossible  only  ten  years  ago. 

Fig.  4. 


The  Manhattan^generators,  designed  in  1899.    At  the  time  of  their  erection  they  were  the  larg- 
est engine-driven  dynamos  that  had  ever  been  built. 

The  early  central  stations  were  built  to  supply  direct  currents, 
but,  as  the  radius  of  distribution  gradually  extended,  the  subject 
of  alternating  currents  forced  itself  on  central  station  engineers. 
In  1886  the  Westinghouse  Company  began  the  development  of 
alternating-current  machinery;  in  1888  the  induction  motor  was 
invented;  in  1890  the  Telluride  Company. transmitted  power  eco- 
nomically for  a  distance  of  fifteen  miles,  and  in  1895,  ^^h'  thir- 
teen years  after  the  Appleton  station  had  been  installed,  the  water 
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was  turned  into  the  4000-kil()\vatt  units  of  the  first  Xia^^'ira  sta- 
tion. 

The  size  of  the  ahernating-current  generat(jr  kept  on  increas- 
ing, and  at  the  time  of  their  erection  in  1901  the  machines  shown 
in  Fig.  4  were  the  largest  engine-driven  dynamos  that  had  ever 
been  built.  These  machines  are  of  a  type  that  has  l^een  entirely 
superseded  by  the  turbo-alternator,  which  l^egan  to  make  itself 
felt  as  early  as  1903,  when  the  5000-kilowatt  vertical  Curtis  turbo 

Fig.  5. 


The  first  Curtis  turbo-alternator  of  5000  kilowatts  capacity.     It  was  installed  by  the  Common- 
wealth Edison  Company  of  Chicago  in  1903. 

units  shown  in  Fig.  5  were  installed  by  the  Commonwealth  Edison 
Company  of  Chicago.  Turbo-generators  now  under  construction 
include  a  single  machine  of  45,000  kv.a.  capacity,  also  a  70,000- 
kv.a.  three-machine  unit  which  has  one  high-  and  two  low- 
pressure  turbine  wheels,  each  direct  connected  to  its  own  gen- 
erator. 

One  of  the  great  advantages  of  the  turbo  alternator  is  well 
shown  in  Fig.  6,  and  since  this  picture  was  taken,  the  output  for 
a  given  size  of  machine  has  been  more  than  doubled.     This  latter 
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development,  which  will  be  studied  in  greater  detail,  while  partly 
due  to  improvements  in  ventilation,  has  been  almost  entirely  due 
to  the  use  of  mica  insulation  and  to  the  development  and  gradual 
introduction  of  a  satisfactory  voltage  regulator. 


Fig.  6. 


r 
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"Relative  dimensions  of  an  engine-driven  alternator  and  of  a  turbo-alternator  of  the  same  capacity. 

Another  type  of  machine  on  which  remarkable  progress  has 
"been  made  in  the  last  ten  years  is  the  6o-cycle  rotary  converter. 
Up  until  1909  the  record  of  these  machines  was  so  poor  that 
few  manufacturing  companies  would  undertake  their  construc- 
tion, while  most  operating  engineers  preferred  motor-generator 


July.  i()i;.l    ^[oDKRX     I^VXAMO    I'JJ-XTRIC    MACHINERY. 


21 


sets.  To-day,  however,  satisfactory  6oo-volt,  60-cycle  rotaries 
can  be  had  of  2500-kilowatt  capacity  at  4(X)  revokitions  per 
minute.    This  result,  as  we  shall  see  later,  has  been  made  ixDssible 


Fig.  6a. 


Engine-driven  generators  of  5000  kv.a.  at  75  r.p.m.  installed  in  1901,  and  Curtis  low-pressure 
turbo-alternators  of  7500  kv.a.  capacity  installed  in  1909. 

in  a  large  measure  by  improvements  in  the  manufacture  of  high- 
speed commutators  and  by  the  addition  of  interpoles  to  make 
high-speed  commutation  satisfactory. 
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RECENT    DEVELOPMENTS    IN    DIRECT-CURRENT    MACHINERY. 

It  lias  already  been  pointed  out  that  the  de.si<(n  of  direct-cur- 
rent niachiner\  liad  become  somewhat  standardized  by  1900.^  In 
the  folic )wini;'  year  a  well-known  machine  was  built  from  desig^ns 
furnished  bv  Ilobart,  the  important  constants  of  which  are  given 


Fig.  7. 
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Hobart's  generator  of  1901.    Capacity  1000  kilowatts,  500  volts,  90  r.p.m. 


in  Table  I  and  the  principal  dimensions  in  Fig.  7.  Since  this 
machine  represents  the  best  practice  of  that  time,  it  w-ill  be  well 
to  examine  it  carefully  to  find  out  why  the  output  was  limited  to 
1000  kilowatts. 

Table  I. 

Kilowatts 1 ,000 

Volts,  no  load 500 

full  load 500 

Amperes 2,000 

Revolutions  per  minute 90 

Poles 16 

Slots  per  pole 24 

Size  of  slot 0.53  inch  x  1.26  inch 

Conductors  per  slot 6 

Size  of  conductor o.  11  inch  x  0.49  inch 

Type  oi  winding One  turn  per  colI,  multiple 

Tooth/slot 1. 13 

"Maximum  tooth  density  at  no  load 142,000  lines/square  inch 

Core 59,500  lines/square  inch 

*  For  an  account  of  the  early  histor}^  of  electrical  machinery,  see  "  Dy- 
namo Electric  Machinery,"  by  S.  P.  Thompson'. 

For  an  account  of  the  engineering  evolution  of  direct-current  ma- 
chines in  America,  see  Lamme,  Electric  Journal,  vol.  12,  pp.  65,  115,  164,  212. 
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Taulk  \.—  {Couliuui'd) 

Pole 92, (KM)  lim's/s(juarc  inch 

Yoko 64,000  liiifs/squarc  inch 

a.  Amporo  conductor  per  inch  of  periphery 665 

b.  Circular  mils  per  ampere 550 

Ratio  a/0 1. 2 1 

[Vripheral  velocity  of  armature 3,250  feet  per  minute 

f.  Ampere  turns  for  tooth  and  ga])  at  full  load.  .  9,100 

d.  Armature  ampere  turns  per  pole 9,000 

Ratio  c/d i .04 

Air-gap  clearance 0.4  inch 

Pole  enclosure 71  per  ccjit. 

Commutator  segments 1,152 

Commutator  segments  covered  by  brush. .  .  2.72 

Current  densitv  in  brush  contact 32  ampere/square  inch 

Average  reactance  voltage 2.5 

The  output  might  have  l)een  increased  by  increa.sing  the  flux 
per  pole,  but  this  would  have  necessitated  wider  teeth  and  there- 
fore narrower  and  deeper  slots,  because  the  Ikix  density  in  the 
teeth  has  already  reached  the  high  value  of  142,000  lines  per  square 
inch.  The  output  might  also  have  been  increased  by  increasing 
the  current  rating  of  the  machine,  which,  of  course,  would  have 
necessitated  conductors  of  larger  cross-section  to  carry  the  cur- 
rent and  deeper  slots  in  which  to  carry  the  conductors.  Why, 
then,  was  the  slot  depth  limited  by  Hobart  to  1.26  inches,  and 
w^hy,  in  those  days,  w'as  the  criterion  of  a  good  design  that  the 
slots  be  wide  and  shallow  ? 

Commutation  and  Reactance  Voltage. — It  w^as  early 
recognized  that  for  satisfactory  commutation  the  brush  contact 
resistance  should  be  large  and  the  voltage  of  self-induction  of  the 
coils  undergoing  commutation  should  be  small.  The  first  satisfac- 
tory method  by  which  an  approximation  to  the  value  of  this 
voltage  of  self-induction  could  be  obtained  was  given  by  Hobart,^ 
who  developed  a  formula  somew^hat  as  follows  : 

The  flux  linking  the  coil  M,  Fig.  8,  due  to  the  currents  that 
are  being  simultaneously  commutated  in  the  short-circuited 
coils,  is 

0a  =  (0s  X  2r  X  2Ls  X  /c)  -H  (Oe  X  r  X  2Le  X  h) 
=   2T  Ic  (29sLs-f9eLe) 

W'here  (f>^  is  the  number  of  lines  that  circle  i  inch  length  of  the 
embedded  part  of  coil  M  for  each  ampere  conductor 
in  the  group  of  conductors  that  are  simultaneously 
undergoing  commutation. 

^ "  Modern  Commutating  Dynamo  Machinery,"  Journal  of  Institute  of 
Electrical  Engineering,  vol.  31,  1901. 

See  also  "  A  Theory  of  Commutation  by  Lamme,"  Trans,  of  A.  I.  E.  E., 
vol.  30,  191 1   (p.  2359). 

Vol.  184,  No.  1099 — 3 
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de=  2(d-i-w) 


Commutation  of  the  current  in  a  full  pitch  winding. 
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<^e  ii>  tl^c  lUiinlxT  of  lines  that  circle  i  inch  length  of  the 
end  connections  of  coil  M  for  each  ampere  conductor 
in  the  group  of  end  connections  that  are  simultaneously 
undergoing  commutation. 

T    is  the  number  of  turns  i>er  coil. 

This  flux  is  reversed  in  a  time  of    ^^^od  second, 

where  5^    is  the  number  of  commutator  segments. 

R  is  the  speed  of  the  machine  in  revolutions  per  second, 
so  that  the  average  voltage  of  self-  and  mutual  induction  gen- 
erated in  coil  M  is 

RVav=  y-X  TX  10-8 

2<paXTXRXSX  IO-8 

=  4T^IcRS{2OsLs+0eLe)l0-^  VOltS. 

For  standard  machines  Hobart  has  found  by  experiment  that  <^8 
is  approximately  equal  to  lo  lines  and  <f>e  to  2  lines  of  force,  also 
that  RVav,  as  calculated  by  the  above  formula,  should  not  exceed 
2.5  volts.^ 

In  the  given  machine  we  find 

5"  =  1 152. 

i?  =   15  revolutions  per  second. 

I  ^  =  2000/16  =  125  amperes. 

L^  =  13.8  inches. 

L  ^  =43  inches. 

Also,  that  the  brush  covers  2.y2  commutator  segments,  so  that 
at  certain  instants  three  adjoining  coils  are  simultaneously  under- 
going commutation. 
Therefore, 

^^\v    =    4  X  125  X   15  X  1 152    (2  X   10  X  13.8  +  43  X  2)   X   lO-'  X      ^2_ 

=  3.42  volts. 

Values  of  <^s  ^i^d  4)^  more  nearly  accurate  may  be  computed 
hy  the  aid  of  the  formulae  given  by  Arnold,'^  the  first  of  which 

°  Hobart  makes  the  assumption  that  the  current  reversal  during  com- 
mutation follows  a  sine  law,  and  the  reactance  voltage,  as  he  defines  it,  is 
■77/2  times  the  value  given  by  the  above  formula. 

'  "  Die  Gleichstrommaschine/'  vol.  i,  pub.  1506,  p.  397. 
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"onmil.i'  sliows  the  effect  of  slot  depth  on  reactance  voltage: 
_a.54X4M-''     ,    '   ^..   ,    ....„,.      ,.    ,    -(^-'')]  (see  Fig.  8). 


d  t  7T{T-f)) 


=  6.1 

Lr 

</»t  =  2.54X.4^)(l()gio   j^  — •2)- 

=  2.l6 
i?  Far  =  2.5  volts. 

This  value  of  reactafice  voltage  is  already  close  to  the  safe 
limit,  so  that  it  would  not  have  been  advisable  to  have  made  the 

Fig.  9. 
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Limits  of  flux  and  current  density  in  direct-current  generators  of  1907- 

Fig.  10. 
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Limits  of  flux  and  current  density  in  direct-current  generators  of  1917. 
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slots  deeper  or  to  have  attempted  the  re\er>al  of  a  larj^er  current. 
In  an  endeavor  to  improve  commutation  the  brushes  in  these 
early  machines  were  placed  in  such  a  position  that  the  short-cir- 
cuited coils  were  under  the  jxjle  tips  and  in  a  magnetic  held  of 
such  value  as  to  cause  a  voltage  to  be  generated  in  them  equal 
and  opiX3site  to  the  voltage  of  self-induction.  The  strength  of 
this  reversing  held  should  increase  directly  with  the  current  to  Ixi 
commutated,  but,  due  to  armature  reaction,  it  actually  decreases 
as  the  load  on  the  machine  is  increased.  To  minimize  this  effect 
of  armature  reaction  the  air-gap  must  be  made  reasonably  large 
to  cut  down  the  cross-field,  and  then  a  sufficient  number  of  ampere 
turns  put  on  the  poles  to  send  the  main  flux  across  the  air-gap,  so 
that  another  criterion  for  the  sparkless  commutation  of  the  type 
of  machine  built  in  1900  was  that  the  ampere  turns  on  the  main 
pole  required  to  send  the  flux  across  the  gap  and  tooth  part  of 
the  magnetic  circuit  should  be  at  least  twenty  per  cent,  greater 
than  the  armature  ampere  turns  i>er  pole.  By  this  means  a  fairly 
stiff  field  was  found  under  the  pole  tip  even  at  full  load,  and  the 
usual  practice  was  to  shift  the  brushes  as  far  into  this  field  as 
possible  without  causing  sparking  at  no-load,  and  to  rate  the 
machine  at  that  load  which  did  not  cause  sparking  in  this  position. 
Limitations  in  Design  in  1907. — Let  us  now  tabulate  the 
limitations  in  design  as  recognized  by  designers  ten  years  ago. 
The  reader  will  find  it  of  interest  to  compare  the  figures  with 
those  that  w^ere  adopted  by  Hobart  in  1901.  These  limitations, 
given  in  Fig.  9,  are  as  follows : 

Permcahility  which  limits  the  flux  density  to 

95,cxx)  lines  per  square  inch  in  the  pole  cores. 

40,000  lines  per  square  inch  in  cast  iron  yokes. 

90,000  lines  per  square  inch  in  cast  steel  yokes. 

150,000  lines  per  square  inch  in  armature  teeth. 

Higher  densities  would  indeed  allow  a  corresponding  reduc- 
tion in  the  cross-section  of  the  yoke  and  core,  but  this  would  be 
at  the  expense  of  the  increased  copper  required  for  the  additional 
excitation. 

Core  Heating. — This  is  kept  down  to  a  reasonable  value  by 
limiting  the  tooth  and  core  densities  to  approximately  the  follow- 
ing values : 

Maximum  tooth  density  =  150,000  lines  per  square  inch   below  30  cycles. 

125.000  lines  per  square  inch  at  60  cycles. 
Average  core  density        =    85.000  lines  per  square  inch  below  30  cycles. 

75.000  lines  per  square  inch  at  60  cycles. 
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Copper  Healing. — The  copper  loss  to  be  dissipated  hy  each 
inch  of  armature  periphery  is  proportional  to  the  rati(j 
amperes  [ivv  conductor  X  conductors  per  inch  of  periphery 
circular  mils  of  copper  section  per  ampere 

The  higher  the  peripheral  velocity  of  the  armature,  the  higher  can 
be  this  ratio.    Safe  values  for  large  machines  are  given  in  Fig.  1 1. 

Fir,.    II. 
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Heating  curves  for  armature  and  connections  (1910) ;  values  20  per  cent,  higher  are  often  found 

in  machines  of  1917. 

Commutation. — As  already  pointed  out 

Ampere  turns    (gap  +  tooth)    >   1.2    (armature  ampere  turns  per  pole); 

also  the  reactance  voltage 

KV=  4TUcRS{2oLs  +  2Le)  10-8 
should  not  exceed  2.5  volts,  unless  the  commutating  field  is  stiff  er 
than  usual  or  the  brushes  of  higher  contact  resistance.     A  com- 
parison between  Figs.  9  and  10  will  be  found  of  interest. 
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Tin:  Output  MguATiox. — It  will  he  advisable  at  this  ix)int 
to  pick  out  the  factors  on  which  the  output  directly  depends  and 
find  out  wherein  they  are  limited. 

Watts  output      =  volts  per  conductor  x  amperes  per  conductor  x  ""D   (con- 
ductors per  inch   of  periphery). 
=  (lines   cut  per  conductor  per  second   x    10-' j    x  ''^Dq    (see 
Fig.  9). 


Therefore  ^'-^"^  =  f.  _5,.y' \ 

r.p.m.       V  6.08  X  108  y 


r.p.m. 

=  KD'L 

where  K  is  called  the  output  constant. 

D  is  the  armature  diameter  in  inches. 

L  is  the  axial  length  of  the  core  in  inches. 

B(,  is  the  apparent  gap  density  in  lines  per  square  inch 

V'  is  the  i>er  cent,  pole  enclosure  =  pole  arc/pole  pitch. 

q  is  the  ampere  conductors  per  inch  of  periphery. 

The  fact  that  the  heating  of  the  armature  dei>ends  on  the 
value  of  q,  the  ampere  conductors  per  inch,  has  already  been 
pointed  out ;  its  further  importance  is  emphasized  by  S.  P.  Thomp- 
son, who  states:  "  If  the  design  is  such  that  not  more  than  200 
amperes  are  to  l)e  collected  at  any  one  set  of  brushes,  if  the  aver- 
age flux  density  in  the  gaps  is  not  less  than  40,000  lines  per 
square  inch,  and  if  the  teeth  are  well  saturated,  the  machine  will 
run  sparklessly  if  the  number  of  ampere  conductors  does  not 
exceed  650  per  inch  of  the  periphery  of  the  armature."  ^ 

It  has  been  customary  to  plot  values  of  K  against  kilowatt 
output  as  in  Fig.  12.  These  curves  show^  how  the  output  factor 
has  increased  in  the  last  thirteen  years;  the  reasons  for  this  in- 
crease we  shall  now  discuss. 

The  value  of  Bg  is  limited  by  the  permissible  value  of  the 
tooth  density,  so  that  the  greater  the  ratio  of  tooth/slot  the 
larger  the  permissible  value  of  B,,.  This  ratio  seldom  exceeds 
1. 10  in  the  non-interpole  type  of  machine,  and  a  larger  value  can 
be  obtained  only  by  the  use  of  deep  slots,  which  generally  results 
in  poor  commutation.  Average  values  of  Bg  for  frequencies  up 
to  30  cycles  are  given  in  Fig.  13  ;  at  higher  frequencies  the  values 
are  somewhat  less.  The  smaller  the  armature  diameter  the  greater 
the  tooth  taper  and  the  lower  the  gap  density  for  a  given  density 
at  the  root  of  the  teeth. 

*"  Dynamo  Electric  Machinery,"  vol.  i    (published   1906),  p.  276. 
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The  value  ol  i],  tlic  ampere  conduclors  per  inch  of  periphery, 
is  also  limited  by  commutation,  because  an  increase  in  its  value  re- 
quires a  corresj)on(lin<^  increase  in  the  cross-section  of  co])per  so 
as  to  keep  the  coj)i>er  loss  per  inch  of  peri])hery  unchanj^^ed.  For 
a  g^iven  temperature  rise,  therefore,  the  slot  depth  increases  as 
the  square  of  the  value  of  q  and  commutation  soon  becomes  un- 
satisfactory. 

The  value  of  v  is  limited  by  the  leakage  flux.  If  the  pole 
pitch  of  a  machine  is  increased,  the  armature  ampere  turns  per 
pole,  and  therefore  the  length  of  the  air-gap,  increase  in  the  same 


Fig.  12. 
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ratio,  and  the  leakage  flux  between  the  pole  tips  will  increase  with 
respect  to  the  flux  crossing  the  gap  unless  the  interpolar  space  is 
also  increased.  It  is  usual,  therefore,  to  limit  the  pole  arc  to  0.7 
times  the  pole  pitch.  If  a  greater  value  is  used  the  leakage  flux 
becomes  excessive,  while  with  a  smaller  value  too  large  a  per- 
centage of  the  armature  surface  is  inactive. 

Up  to  1 9 10  the  increase  in  the  output  factor  was  due  prin- 
cipally to  improvements  in  brushes  and  to  the  accumulation  of 
test  data  that  allowed  designers  to  work  closer  to  the  limit  and 
gradually  raise  the  value  of  g.  The  last  increase  over  the  values 
of  19 10  has  been  due  to  the  gradual  introduction  of  interpoles. 
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With  non-interpole  generators  it  is  ii>ual  to  sliilt  the  l)ruslie.s 
forward  from  the  geometrical  neutral  so  tliat  the  short-circuited 
coils  are  under  the  ])olc  tips  and  in  a  reversing  held.  In  the  inter- 
pole  generator,  on  the  other  hand,  the  pole  ti])s  are  shifted  hack- 
wards  so  as  to  inlluence  the  short-circuited  coils,  and  series  wind- 
ings are  placed  around  them  to  make  the  strength  of  the  re- 
versing field  directly  proportional  to  that  of  the  current  to  he 
reversed.  With  commutation  thus  taken  care  of,  it  would  seem 
that  there  could  he  no  objection  to  the  use  of  deep  and  narrow 
slots  and  to  a  large  increase  in  the  value  of  q  and  of  the  ratio 
tooth/slot,  and  yet  it  may  l>e  seen  from  Fig.  u  that  since  inter- 

FiG.  13.  Fig.  14. 
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Fig.  13. — Average  values  of  gap  density  used  in  non-interpole  machines  of  1910. 
Fig.   14.'— Average  values  of  ampere  conductors  per  inch  of  armature  periphery  used  in  non- 
interpole  machines  of   1910.      Values  20  per  cent,  higher  are  often  found  in  machines  of  1917. 

poles  have  come  into  general  use  the  output  factor  has  not  in- 
creased much  over  twenty  per  cent. 

IxTERPOLE  AND  COMPENSATED  ^MACHINES. — Probably  the 
best  understanding  of  the  interpole  problem  can  be  obtained  by 
the  working  out  of  an  actual  example  as  follows : 

Kilowatts 1 .200 

Volts 720 

Amperes i  -,^1^ 

Revolutions  per  minute •  •  600 

Poles 8 
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0,54  inch  X  1.5  inch 


Slots  per  polo 14 

Size  of  slot 

Conductors  per  slot 6 

Si'/.c  ot  conductor 0.12  incli  x  0.55  inch 

Type  of  winding One  turn  per  coil;  multiple 

Tooth/slot. 1.33 

a.  Ampere  conductors  per  inch  of  ])eriphery.  .  .  .  1,000 

b.  Circular  mils  per  ampt>rc 400 

Ratio  a/b 2.5 

Peripheral  velocity  ot  armature 7,000  feet  per  minute 

Commutator  segments 336 

Segments  covered  by  the  brush 3 

Average  volts  per  segment  =  7 20/segments 

per  pole I7-I 

Pole  enclosure 0.7 

Embedded  length  of  conductor 16.5  inches 

Length  of  end  connection 27  inches 

The  reactance  voltage  if  the  brush  arc  were  exactly  equal  to 
the  width  of  one  commutator  segment  would  be 

RVav=4   T'IcRS{2hLs  +  9eLe)    IQ-^ 

^     2^x^rj 

105         LI 

=  5-9  (-37  +  .025  +  .25  +  .48)  =  6.6 

/  27  ^ 

0e  =  2.54  X  .46  (  logio    — f  -  .2      ) 

s  -4  ' 

=  1.9 

and     RVav  =  (2.4  X  10-2)  (2  X  6.6  X  16.5  +  1.9  X  27) 
=  6.1  +  1.43  =  7.53  volts. 

Fig.  15. 
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Stages  in  the  commutation  of  a  machine  which  has  six  conductors  per  slot,  a  full  pitch  winding 
and  the  brush  width  equal  to  the  width  of  three  commutator  segments. 
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The  brush.  hi)\vcvcr,  covers  three  sej^nnents,  so  that  the  lliix 
hnkin^:;  each  coil  at  the  instant  a,  V\\::;.  15,  will  l)e  three  times  as 
large  as  when  only  one  segment  is  covered  by  the  hrnsh.  The 
time  of  commutation,  however,  is  also  increased  in  the  same 
ratio,  so  that  at  the  instant  (7  the  reactance  voltage  of  coil  i  is 
approximately 

6.1   +  1.43   -  7-53  volts; 

at  instant  b  it  is  equal  to 

6.1  X  ^  +  1.43  =  5.5  volts; 

and  at  instant  c  to 

61  X  J^  +  1.43  =  3.46  volts. 


Fig.   16. 


Fig.   17. 
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Fig.  16. — Commutation  with  a  uniform  air-gap  under  the  interpole. 
Fig.  17. — Improvement  in  commutation  due  to  suitable  shaping  of  the  interpole  tip. 

If  the  air-gap  under  the  interpole  w^re  uniform,  as  in  Fig.  16, 
the  voltage  to  be  generated  in  each  coil  as  it  passed  under  the 
interpole  would  be  5.1  volts 

and  5.1  =  2  X  Li  X  Vc  xBg  x  lO"^ 
where  Li  =  axial  length  of  interpole  =  15.5  inches. 

Fc  =  peripheral  velocity  of  armature  in  inches  per  second 
=  1420 
so  that 

Bg  =  average  interpole  gap  density  =  1 1,500  lines  per  square 
inch. 

Xow,  the  ampere  turns  required  to  produce  this  t\ux  density 
of  1 1,500  lines  per  square  inch  may  be  obtained  from  the  formula 


Bo  =  3-2 


ampere  turns 


effective  air-gap  in  inches 
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And  if  the  f^tip  =  o.5  iiu-h.  then  the  ampere  tnrns  =  1800. 
Thus  we  have 

Annalurc  ampere  turns  per  pole  =  8,800 
Iiiterpole  gap  ampere  turns  =  1,800 
Ampere  turns  for  intcrpole        =  10,600 

=  k     (armature     ampere     turns     per 
pole). 

where  k  in  this  case  is  1.2,  and  is  seldom  less  than  this  value,  so 
as  to  leave  some  working  margin  for  adjustment  of  the  interpole 
gap  when  the  machine  is  installed. 

A  few  years  ago  it  was  the  practice  to  make  the  interpole 
ampere  turns  40  per  cent,  greater  than  the  armature  ampere  turns 
per  pole,  and  then  to  adjust  for  sparkless  commutation  by  means 
of  a  shunt  across  the  interpole  winding.  For  machines  such  as 
railway  generators,  where  the  load  changed  rapidly,  an  inductive 
shunt  was  used  so  as  to  make  the  interpole  winding  take  its  proper 
share  of  the  current  at  all  times. 

In  a  machine  where  the  reactance  voltage  differs  from  that 
generated  by  the  interpoles  by  as  high  a  value  as  (7.53-5-1  )=  2.43 
volts,  an  attempt  would  be  made,  by  shaping  the  interpole  tip  as 
shown  in  Fig.  17,  to  generate  a  voltage  which  is  more  nearly 
opposed  to  the  reactance  voltage  at  every  instant  aiid  which  there- 
fore varies  as  shown  by  the  dotted  curve.  A  short  pitch  winding 
also  would  probably  be  used,  so  that  the  upper  and  lower  layers  of 
conductors  in  a  slot  w^ould  not  be  undergoing  commutation  simul- 
taneously, and  the  reactance  voltage  would  thereby  be  reduced.^ 

It  is  evident  that  in  this  particular  machine,  which  is  of  rather 
high  speed  for  the  output,  the  reactance  voltage  has  reached  a 
value  which  cannot  safely  be  exceeded,  so  that  it  would  not  be 
advisable  to  increase  the  slot  depth  in  order  to  increase  the  value 
of  q,  the  ampere  conductors  per  inch  of  periphery.  In  case  of 
slow-speed  machines,  on  the  other  hand,  the  reactance  voltage  is 
low  and  interpoles  are  not  really  necessary.  The  value  of  q  in 
such  cases  is  limited  more  by  heating  than  by  commutation,  be- 
cause with  the  poor  ventilation  obtained  in  slow-speed  units  low 
current  densities  are  required,  and  any  large  increase  in  the  value 
of  ^  over  the  values  given  in  Fig.  14  would  be  accompanied  by 
abnormally  deep  slots.    The  tendency,  however,  is  towards  higher 

® "  Effect  of  Brush  Width  on  Commutation,"  by  Lewis,  Electrical  Jburnal, 
vol.  xviii,  August,  1916   (p.  376). 
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speeds,  now  llial  iIk'  coninuUalion  limit   lias  been  raised  by  llie 
use  of  interi)oles. 

There  is  one  limitation  to  be   found   in   interpole  machines 
which  differs  from  anything  we  have  in  the  non-interpole  type. 
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Magneto-motive  forces  as  found  in  interpole  machines. 

Fig.  19. 
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In  compensated  machines  the  only  effective  magneto-rnotive  force  that  can  cause  interpole  leak- 
age is  the  small  value  due  to  the  interpole  excitation. 
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In  Fi^^  iS.  if  J'/\  is  20  per  cent,  greater  than  AT^,  then  the 
ni.ni.f.  tendin^^  to  send  llux  from  a  to  b  is  five  times  as  large  as 
that  ten(Hng  to  send  llux  from  a  to  c,  and,  as  the  area  of  the  leak- 
age path  ab  is  large  compared  with  that  of  the  main  path  ac,  the 
leakage  llnx  <t>c  is  large  compared  with  the  useful  ilux  cf>g.  This 
tends  to  cause  saturation  in  the  part  ef  of  the  flux  path,  even 
although  the  densities  in  the  part  cde  of  the  path  be  low  and, 
because  of  this  saturation  due  to  leakage  flux,  the  useful  flux  is 

Fig.  20. 


ARMATURE    CURRENT 

Test  curves  showing  the  effect  of  interpole  leakage  on  the  value  of  the  interpole  gap  flux. 

not  directly  proportional  to  the  current. ^^  Now  these  are  exactly 
the  conditions  that  exist  in  interpole  machines,  and  the  curves  in 
Fig.  20  show  how  the  magnetic  fluxes  vary  with  the  interpole 
current  in  an  actual  machine. 

For  good  commutation  over  a  wide  range  of  load  it  is  neces- 
sary that  the  field  in  the  interpole  gap  increase  directly  with  the 
armature  current.    If,  for  example,  the  reactance  voltage  at  full 

"  "  Commutating  Poles,"  by  Stokes,  Transactions  of  A.  I.  E.  E.,  vol.  xxxii, 

June,  1913   (p.  1540). 
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load  is  exactly  balanced  by  the  voltage  due  to  the  interpole  field, 
then,  as  show  n  in  h'ig.  20,  only  90  i)er  cent,  of  the  reactance  volt- 
age is  balanced  at  50  per  cent,  overload  and  commutation  is  im- 
paired. To  keep  the  interpole  leakage  down  to  a  value  that  will 
not  cause  trouble  it  is  necessary  to  limit  the  ratio  of  the  ampere 
turns  on  the  interpole  to  the  length  ab,  Fig.  18,  and  this  means 
the  setting  a  limit  to  the  value  of  q,  the  ampere  conductors  i>er  inch 
of  periphery. 

One  other  feature  of  the  design  on  page  31  is  of  considerable 
importance.    The  average  voltage  between  commutator  segments 

Fig.  21. 


Flux  distribution  in  the  air-gap  of  an  interi>ole  machine. 

has  the  high  value  of  17.1  volts,  and  if  the  flux  distribution  curve 
in  the  air-gap  at  full  load  is  as  shown  in  Fig.  21,  then  the  voltage 
betw^een  the  segments  of  a  coil  located  at  a  is  about  30  volts  and 
there  is  a  tendency  for  the  machine  to  flash  over,  which  tendency 
becomes  greater  with  increase  of  load.  It  has  been  showm  that 
arcing  between  the  segments  of  large  machines  is  liable  to  start 
at  about  30  volts/^  so  that  the  machine  will  not  carry  any  over- 
load unless  armature  reaction  is  so  compensated  as  to  prevent  dis- 
tortion of  the  field.     This  result  is  accomplished,  as  show^n  in 

" "  Physical    Limitations    in    Direct-Current    Commutating    Machinery," 
Lamme,  Transactions  of  A.  I.  E.  E.,  vol.  xxxiv,  September,  1915. 
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Fif^.  JJ,  1)\  plating  a  w  indin^  on  the  pole  face  which  has  a  number 
of  ampere  turns  i)er  pole  ecjual  and  opposite  to  that  of  the  arma- 
ture windini,^  The  interpole  is  still  recjuired  to  overcome  the 
reactance  vollaii^e,  hut  the  number  of  ampere  turns  on  the  inter- 
pole need  only  be  that  required  to  produce  the  desired  flux  density, 
since  the  effect  of  armature  reaction  has  been  wiped  out  by  the 
com[)ensating  windinj;.  In  the  machine  on  page  31,  for  example, 
we  found  that 

Armature  ampere  turns  per  pole     =     8800 
Interpole   gap  ampere  turns  =      iSoo 

Ampere  turns  for  the  interpole  =  10,600 

When  a  compensating  winding  is  placed  on  this  machine,  how- 
ever, we  have : 

Armature  ampere  turns  per  pole         =  8800 

Compensating  ampere  turns  per  pole  =  8800 

Interpole  gap  ampere  turns                  =  1800 

Ampere  turns  for  the  interpole          =  1800 

Another  great  advantage  of  the  compensated  machine  will 
now  be  apparent.  In  Fig.  19  the  m.m.f.  between  a  and  b  is  ecjual 
to  that  across  ac  and  not  five  times  as  large  as  in  Fig.  18;  the 
interpole  leakage  flux  is  therefore  small,  the  interpole  does  not 
become  saturated,  and  commutation  is  satisfactory  over  the  wide 
range  of  load  handled  by  such  machines  as  rolling-mill  motors 
and  railway  generators. 

Effect  of  Speed  on  Output. — The  statement  has  been  very 
generally  made  that  the  direct-current  machine  is  essentially  a 
slow-speed  machine.  The  speeds,  however,  have  gradually  in- 
creased as  interpole  machines  replaced  those  of  the  older  type. 
Thus  the  2750-kilowatt  units  of  the  Boston  Elevated  Company, 
installed  in  1903,  ran  at  75  revolutions  per  minute,  while  the 
3750-kilowatt  units  installed  in  Cleveland  in  191 1  had  a  speed  of 
180  revolutions  per  minute.  In  the  case  of  motor-generator  sets 
again,  where  there  is  no  restriction  to  the  speed  except  that  the 
cost  for  a  given  output  shall  be  a  miniinum,  the  development  has 
been  as  follows : 


Date 

Poles 

Kilowatts 

Volts 

R.p.m. 

Weight,  pounds 

1906 

10 

interpole 

1000 

600 

514 

33,000 

I910 

8 

interpole 

1000 

•  600 

750 

24,000 

I916 

6 

and 

interpole 
compensated 

1000 

600 

900 

19,000 

Part  of  a  flywheel  motor  generator  set  under  construction,  showing  interpole  and  compensating 

windings. 

Fig.    22A. 


Flvwheel  motor' generator  set  of  which  the  above  machine  is  a  part.     This  set  was  installed  by 
the\\lgoma  Steel  Company  to  feed  two  reversing  rolling  mill  motors. 
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TIr'sc  s])cc(1s,  however,  do  not  l)e^in  to  compare  with  those 
I'oiiiul  in  ahernator  practice;  turl>o  machines  of  6500  kv.a. 
capacitv  now  run  at  3600  revohitions  per  minute.  To  find  wherein 
the  (hrect-currcni  machine  is  hmited,  let  us  take  a  good  type  of 
non-inleri)ole  machine,  gradually  raise  the  speed,  and  see  what 
limits  are  encountered.  Column  i,  Table  II,  gives  data  on  such  a 
machine.  If  the  speed  is  doubled,  so  also  are  the  voltage  and  the 
()uti)ut :  also  the  reactance  voltage  has  passed  a  safe  value  and  in- 
terpoles  become  necessary.  At  three  times  normal  speed  the  aver- 
age voltage  l^etween  segments  has  become  so  large  that  compensat- 
ing windings  are  required,  nor  can  the  speed  be  increased  much 
further  without  danger  of  flashover,  even  although  the  armature  is 
compensated. 

Table  II. 


I 

2 

3 

4 

Kilowatt? 

400 

800          J           1200 

1200 

Volts 

240 

480 

720 

720 

Amnercs          

1670 

1670 

1670 

1670 

Revolutions  per  min- 

# 

ute 

200 

20  (.43 "x  1.6") 

400 

600 

600 

Slots  per  pole 

I4(.54"xi.5") 

Conductors  per  slot. 

4(.i4"x.^5") 

6(.i2"x.55") 

Tooth/slot 

I. II 

Smaller  than  necessary 

1-33 

Bt   lines/ square 

incVies 

150000 

Too  high 

130000 

Bclines/squareinches 

83000 

Too  high 

75000 

Frcnnencv 

16.6 

33-3 

50 

SO 

Armature  A.  T.  per 

\J 

pole 

6700 

8800 

Ampere  turns  (gap 

and  tooth) 

8280 

Larger  than  necessary 

6000 

Ratio 

1.23 

....                     .... 

0.68 

Gap  clearance 

0.3 

Larger  than  necessary 

Reactance  voltage .  . 

1.6 

3.2 
needinterpoles 

4-8 
needinterpoles 

7..53 

Average    volts    per 

segment 

6.0 

12. c 

18.0 
need  compen- 

17.2 

/ 

sating  wind. 

Peripheral  velocity, 

armature 

3040 

6080 

9120 

6600 

comnuitator  .  .  . 

1830 

3660 

5490 

4200 

Ampere    conductors 

per  inch  (armature) 

730 

Smaller  than  necessary 

1000 

Amipere  square  inch, 

armature  conductor 

2250 

Smaller  than  necessary 

3200 

Ampere  square  inch, 

brush  contact .... 

37 

Smaller  thap  necessary 

50 

Volts  drop  per  pair 

brashes 

2-5 

Larger  than  necessary 

2.0 
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It  is  inie  thai  llic  machine  would  he  .^oniewhal  ni(j(hl"ie(l  he- 
cause  of  the  high  speed;  thus  the  teeth  would  he  wider  to  reduce 
iho  thix  density,  also  the  current  density  would  he  increased  he- 
cause  of  the  hetter  ventilation,  hut  these  facts  do  not  materially 
change  our  conclusions.  Hie  actual  design,  given  in  column  4, 
is  drawn  for  comparison  in  Fig,  23  alongside  of  the  original  joo- 
r.p.m.  design,  and  shows  very  clearly  complications  that  have 
heen  made  necessary  hy  high  speeds.  This  complication  may  also 
he  seen  hy  a  comparison  hetween  Figs.  24  and  25. 

It  would  appear,  then,  that  there  is  a  limit  to  the  capacity  of 

Fig.  23. 


400  KW 
?40  VOLTS 
1670  AMP. 
200  RPM. 
OAT[. 1910 
37AMPS(: 


INTERPOLE  —  750 
COMPENSATmG-630 


50AMP50.IN 
1200  KW. 
720  VOLTS 
1670  AMP 
600  RPM 
DATE  1916 


Comparison  between  a  slow-speed  and  a  high-speed  machine  with  the  same  output  per 

revolution. 

the  generator  that  can  he  built  for  a  certain  speed.  If,  for  ex- 
ample, the  revolutions  per  minute  have  heen  fixed,  the  maximum 
diameter  that  may  safely  he  used  is  limited  by  the  peripheral 
velocity.  With  the  diameter  thus  fixed,  the  output  of  the  machine 
is  limited  by  the  length  of  the  armature  core.  As  this  element  is 
increased  in  value  the  reactance  voltage  also  increases,  and  finally 
interpoles  become  necessary  for  successful  commutation.  The 
core  length  may  now^  be  further  increased,  but  a  second  limit  is 
soon  reached  at  which  the  voltage  between  two  adjacent  commu- 
tator segments  becomes  of  such  a  value  that  the  machine  is  liable 
to  flash  over.  Let  us  therefore  fix  limits  to  the  peripheral  velocity 
of  the  armature,  to  the  reactance  voltage,  and  to  the  voltage  be- 
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Fig.  24. 


I 


Engine  type  of  generator  without  interpoles,  date  1904. 

tween  adjacent  commutator  segments,  and  see  what  sort  of  an 
output  equation  can  be  built  up  that  will  embrace  these  quantities. 

(a)   Non-inter  pole  machines: 

Watts=  6.o8^xio«-    (^'^)rpm.      (see  page  ig) 
and  R  V=^THc  ^^  5(2  X  lo  X  Ls+  2Le)  io-«  for  a  full  pitch  winding  (see  page  25). 


July,  Kji;!    Modi  K.\    I)\\.\.\i(>    |-j.i:c- ruic     M  .\(  h  i  .\i:r' 


4;^ 


=  SIrL  X  rpni  X  i*>  "*  apprnximalcly  I'or  a   short   f>il(li   nmlli|jK'    \vin<Hn^ 
with  (MIC  turn  per  coil. 

=     ,     X  A  X  rpm  X  10* 

BA  (RV)  ^  2  ^ 
therefore  watts    —       ^  ^^        X      X  /) 

0.08  IT 


=  0.4  B    [R]')   r„  rpm. 


Fig.  25. 


Engine  type  of  generator  with  interpoles.  date  1015. 

If  we  take  B,.= 60,000  lines  per  square  inch  (sec  Fig.  13). 
-^  =0.7  (see  Fig.  9). 
RV=2.5  (see  page  25). 
Fa  =  penpheral  velocity  of  armature  =  9000  feet  per  minute. 

then  the  maximum  output  in  kilowatts  380.000  r.p.m.  which  is  the 
equation  to  the  curve  for  non-interpole  machines  given  in  Fig.  26. 

(b)   Inter  pole  inaehines 

In  this  case  the  output  is  hmited  Iw  the  voUage  hetween  ad- 
jacent commutator  segments  and 

watts  =  volts  per  conductor  X  current  per  conductor 
number  of  conductors 


Es 


X  TtDq  for  a  one  turn  multiple  winding 


Es         12  Va 

^    X  Xq 

2  rpm 


The  vokage  E^^  between  adjacent  commutator  segments  must 
not  be  large  enough  to  maintain  any  arc  that  ma\'  be  started  be- 
tween the  segments.  Small  machines  have  been  oi>erated  success- 
fully with  a  maximum  value  of  60  volts  between  segments,  but 
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it  has  been  found  that  in  the  case  of  machines  of  lar^e  output, 
where  the  resistance  of  that  part  of  the  winding  between  two 
segments  is  necessarily  very  low,  it  is  not  safe  to  oi)erate  with 
a  maximum  in  excess  of  30  volts  between  segments. 

In  b'ig.  _M  the  no-load  and  also  the  full-load  flux  distribution 
curves  are  shown.  From  such  curves  it  will  be  found  that  the 
average  voltage  between  segments  is  0.72  times  the  maximum 
when  the  machine  is  operating  at  no  load,  and  is  only  0.55  times 

Fig.  26. 


3000  KW.  75 RPM.NON.INTERPOLE (1906) 
3750  KW.  180RPM.  INTERPOLt  (1911) 

2000  KW.  514-RPM. COMPENSATED  (1916) 
1000  KW.  2750RPM. DESIGNED  BY 

MILES  WALKER 


1000  2000  3000 

REVOLUTIONS    PER   MINUTE 

Maximum  output  of  direct-current  generators. 

the  maximum  value  w^hen  the  field  is  distorted  by  the  full-load 
current  in  the  armature ;  this  latter  figure  is  for  an  average  inter- 
ix)le  machine  in  which  the  exciting  ampere  turns  per  pole  for 
gap  and  teeth  is  about  0.8  times  the  armature  ampere  turns  per 
pole  at  full  load.  If,  then,  the  maximum  voltage  between  seg- 
ments is  limited  to  30  volts,  the  average  voltage  between  seg- 
ments should  not  exceed  0.55  x  30=  16.5  volts,  or  even  15  volts  if 
the  machine  is  liable  to  be  overloaded.  If,  however,  a  compensat- 
ing winding  is  placed  on  the  pole  face,  .values  as  high  as  0.72  x 
30  =  21.5  volts  may  be  used. 
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1 1"  w  c  lake 

/  '„  =  (jocx)  feet  per  niiiuile  ; 

q=  1  loo  ampere  conductors  per  inch  (see  Fig.  14)  ; 
Es=i^  for  interix)le  machines; 
=  20  for  compensated  machines; 
then  the   maximum   output  in  kilowatts  =  900, 000/rpm.    (inlcr- 
pole)    or    1,200,000/rpm.    (compensated)  ;    and    these    are    the 
equations  to  the  curves  for  interpole  and  for  compensated  ma- 


chines given  in  Fig.  26. 


Fig.  27. 


15,000-horsepower  reversing  rolling-mill  motor  of  the  two  machine-type.    Speed  o  to  120  r.p.m. 

It  must  not  be  supposed  that  the  vahies  given  by  the  three 
curves  in  Fio:  26  have  not  been  exceeded.  There  are  a  number 
of  non-interpole  machines  of  3000  kilowatts  at  375  revolutions 
per  minute  in  operation  at  the  Illinois  Steel  Company,  South 
Chicago,  and  yet  the  curves  indicate  that  125  revolutions  per  min- 
ute is  about  the  limit  in  speed  for  machines  of  this  output.  They 
were  built,  however,  with  one  segment  per  conductor  instead  of 
one  segment  per  coil  so  as  to  reduce  the  reactance  voltage  to  half 
value,  this  result  being  obtained  by  the  use  of  connectors  brought 
to  the  commutator  from  the  back  of  the  armature  winding.    Then 
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llu'  W't'^tiiiLilKmsc  C"(inii)aiiy  lias  l)iiill  a  iuiml)cr  n\  rc\crsin<;  mill 
motors  rated  at  I3,()(K)  h()rsc])o\vcr  at  i  jo  revolutions  per  min- 
ute.    These  ha\e  l)een  made  possible  by  the  adoption  of  a  two- 

Fk;.  2«. 


500-kilowatt  geared  turbo-generator  with  a  speed  reduction  of  5000/900  r.p.m. 

unit  type,  as  shown  in  Fig.  27.  Again,  Miles  Walker  ^-  has  given 
data  on  a  looo-kilowatt  turbine-driven  machine  which  operates 
at  2750  revolutions  per  minute.     This  machine  also  has  one  seg- 

FiG.  29. 

1 


m 


1000  KW 
600  VOLTS 
900  RPM 


1000  KW. 
600VOLTS1 
2750  RPM 


Comparison  between  a  geared  and  a  direct-connected  turbo-generator  of  the  same  output. 

ment  per  conductor,  and  it  has  a  compensating  winding.     The 
constants  of  interest  are 

Es  =  1/  volts  between  segments. 
q  =  800  ampere  conductors  per  inch. 
Va  =  1 7,300  feet  per  minute. 

The  machine,  therefore,  will  operate  successfully.  It  would 
appear,  however,  that  British  manufacturers  have  something  to 
teach  us  about  the  construction  of  high-speed  commutators,  be- 

"  "  Design  and  Specification  of  Dynamo  Electric  Machinery." 
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cause  the  coinimUalor  for  this  i)articiilar  inacliiiK'  has  nine  shrink 
rint;s  and  a  ruhhin<^  velocity  of  lo.ooo  feet  ])cr  minute.  Some 
development  \vt)rk  on  similar  machines  has  heen  done  in  this 
countrv,  but  there  has  heen  little  demand  for  the  machine  in  larL'e 
sizes,  and  it  has  heen  almost  entirely  suj)erseded  by  geared  units, 
such  as  that  shown  in  V\<^.  2«*^,  where  the  i^enerator  and  the  tur- 

FiG.  30. 


Motor  generator  set  with  compensated  interpole  direct-currer.t  generator.  The  construc- 
tion of  the  compensating  winding  is  of  interest  because  it  is  of  a  doublt-layer,  barrel  type  similar 
to  that  on  the  stator  of  an  induction  motor. 

bine  each  runs  at  the  speed  for  which  it  is  best  suited.  The 
essential  differences  between  the  two  types  of  machine  are  shown 
in  Fig.  29.     The  important  design  constants  are : 

Kilowatts    1000  1000 

Volts     600  600 

Revolutions  per  minute   2750  900 

Poles    4  6 

Armature   diameter  in  inches    24  36 

Core  length  in  inches   21  15 

Maximum  tooth  density  in  lines  per  square  inch   .  .   94.000  135.000 

Core  density  in  lines  per  square  inch  68.000  85.000 

Frequency  in  cycles  per  second  92  45 

Armature  surface  velocity  in  feet  per  minute I7,300  8500 

Commutator  rubbing  velocity  in  feet  per  minute   .  .    10,000  5000 

Ampere  conductors  per  inch   800  880 

Circular  mils  per  ampere    550  450 

Average  volts  per  segment    17  20 
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Iiitc'rj)()k's  and  i-<)iiij)cnsalin_n-  windinj^s  had  been  suggested 
as  early  as  iSS().  hni  wc  tiiid  that  as  late  as  1904  S.  \\  'riiompson 
w mU'  as  follows  :  '•'  "  Jt  is  an  open  (|uestion  whether  the  employ- 
ment ot'  any  of  the  more  elaborate  devices  can  come  commercially 
into  use  except  perhaps  for  machines  of  moderate  output.  An 
examination  of  the  largest  machines  of  the  present  day  about 
which  there  can  be  no  question  as  to  the  successful  operation  in- 

Fir-.   V 


Motor  generator  set  with  compensated  interpole  direct-current  generator.  The  compen- 
sating winding  is  constructed  similar  to  the  well-known  chain  winding  in  alternators,  and  should 
be  compared  with  the  construction  shown  in  Fig.  30. 

variably  shows  that  the  heating  limit  is  reached  before  the  point 
at  which  sparking  occurs."  The  development  that  has  taken 
place  during  the  last  thirteen  years  can  perhaps  be  appreciated 
when  we  find  ourselves  compelled  to  state  that  "  There  is  no  ques- 
tion but  that  without  interpoles  and  compensating  windings  it 
would  be  impossible  to  build  machines  to  carry  the  overloads,  to 
operate  at  the  high  speeds  and  through  the  wide  ranges  of  speed 
that  are  expected  to-day  by  the  operating  engineer.'' 

(To  be   continued.) 

"  "  Dynamo  Electric  Machinery,"  vol.  i,  1904  edition,  p.  272. 


RECLAIMING  THE  EVERGLADES  OF  FLORIDA.^:^ 

BY 

ISHAM   RANDOLPH,   D.Eng., 

Member  of  ihe  Institute 

PoNXE  i)E  Leox  discovered  Florida,  ?^Iarcli  2"; ,  151  J.  1  dis- 
covered it  in  1913:  not  that  I  had  not  previously  seen  on  the 
map  a  flat,  misshapen  projection  fending  the  Gulf  of  Mexico  from 
the  broad  Atlantic.  1  had  heard  of  St.  Augustine  and  even  of 
Tallahassee,  but,  apart  from  this  casual  hearing  and  seeing,  the 
land  of  llowers  was  a  terra  incognita  to  me. 

I  was  invited  by  Governor  F^ark  Tramel  to  come  to  Talla- 
hassee to  meet  him  and  his  fellow-members,  Trustees  of  the  In- 
ternal Improvement  Fund  of  the  State  of  Florida,  to  counsel  with 
them  about  the  drainage  of  the  Everglades. 

The  name  applied  to  that  broad  expanse  of  semi-acpieous  land 
gave  me  no  conception  of  its  characteristics ;  those  were  to  be 
revealed  later. 

\\'hen  leaving  Chicago,  April  24,  19 13.  I  equipped  myself 
with  the  best  map  I  could  procure  of  the  State  with  whose  de- 
velopment I  was  so  soon  to  be  associated,  and  thereon  was  indi- 
cated a  lake  of  considerable  magnitude  and  named  Okeechobee; 
a  name  conferred  by  the  first  inhabitants  of  a  land  in  the  State  of 
Nature,  but  not  then  in  the  United  States.  Below  this  lake 
stretched  an  expanse  almost  coequal  with  the  area  of  the  lower 
peninsula,  and  on  this  was  printed  *'  Everglades.''  There  were 
lines  leading  from  the  lake  in  a  southeasterly  direction,  and  these 
were  labelled  ''  canals,"  and  they  ended  in  natural  channels  lead- 
ing to  the  Atlantic.  They  were  sixty  or  seventy  miles  long, 
whereas  the  lake  was  only  2^  miles  away  from  an  estuary. 

\\'hen  I  met  the  Floridian  powers  that  then  were,  on  April  28, 
after  a  few  preliminaries,  I  said  to  them  that  the  whole  subject 
w^as  new  to  me  and  that,  therefore,  I  might  be  '*  talking  through 
my  hat,"  but  that,  with  the  superficial  knowledge  I  then  had,  I 
was  led  to  believe  that  what  was  needed  was  a  canal  leading  from 
the  lake  to  the  sea  by  the  shortest  possible  route :  and  that  locks 

*  Presented  at  the  Stated  Meeting  of  the  Institute,  held  Wednesday, 
February  21.  1917. 
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slioiild  l)c  |)iit  in  the  existin.i^-  canals  to  prevent  the  lake  water  from 
llowin^-  out  over  the  iu-er«^la(les. 


Saaato  Dae.  M:379  :  •><  Caag.,  Z«  Sas*. 


Map  of  the  Everglades. 


To  cut  a  long  stor}-  short,  I  was  engaged  to  organize  a  com- 
mission to  report  upon  the  problem  and  empowered  to  cause  to  be 
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niadc  ihc  iicccssai'}  sur\cys  aiul  oiIkt  invc.>5iigati(Mi>  c•^•^c•nlial  lo 
a  proi^er  know  ledge  of  the  facts. 

I  associated  with  nie  two  very  al^le  engineers.  Mr.  Marshall 
0.  Leighton,  who  was  for  many  years  officially  and  most  re- 
sponsibly connected  with  the  L\  S.  Geological  Survey  and  was, 
and  is,  a  recognized  authority  on  hydrology  and  its  collateral 
subjects.  The  other  selection  was  Mr.  lulmund  T.  Perkins,  who 
had  been  resj>onsibly  connected  with  the  engineering  branch  of 
the  Department  of  the  Interior.  I  assigned  the  hydrometric  and 
meteorologic  branch  of  the  investigations  to  Mr.  Leighton  and  the 
surveys  to  Mr.  Perkins. 

You  may  ask  what  J  did:  well,  among  other  things,  I,  like  the 
owl,  did  a  '*  heap  o'  thinking." 

We  organized  several  survey  i)arties  and  put  them  into  the 
field,  and  it  was  a  source  of  profound  thankfulness  that  1  did  not 
have  to  follow  them  over  the  lines  they  run,  for  the  hardships 
and  discomforts  which  the\-  endured  were  verv  great. 

1  was  first  to  see  the  Everglades  from  the  deck  of  the  motoi 
yacht  Pearl,  chartered  for  our  use.  On  May  7  we  passed  through 
Xew  River  and  into  Xorth  Xew  River  Canal,  headed  for  Lake 
Okeechobee,  and  it  was  not  long  after  we  entered  that  canal  that 
my  preconceived  notions  of  the  Everglades  evaporated  like  morn- 
ing mists.  There  was  no  growth  of  cypress  and  juniper,  no 
tangle  of  vines,  no  contracted  view,  but  a  broad  expanse  of  water- 
logged land  over  which  the  eye  searched  in  vain  for  a  land- 
mark, a  distinguishing  feature.  There  were  no  trees,  no  bushes, 
no  mounds,  nothing  to  steer  towards  nor  to  back  sight  upon. 
Just  flatness  grown  up  with  saw  grass :  saw  grass  sometimes  eight 
or  nine  feet  high.  Saw  grass  needs  an  introduction,  a  definition 
of  its  qualities.  It  is  a  broad-bladed  grass,  very  stiff,  and  each 
edge  of  the  blade  is  serrated  like  the  teeth  of  a  hack-saw.  and  its 
cutting  qualities  are  almost  as  pronounced  as  those  of  its  steel 
prototype.  \\'hen  an  unfortunate  has  to  forge  his  way  througli 
this  growth,  it  is  only  a  question  of  time,  and  not  a  long  time  at 
that,  before  his  bootlegs  or  his  leather  or  canvas  leggings  are 
scarified  and  torn  away.  I  said  there  was  nothing  to  steer  by, 
but  the  navigator  of  a  canal  so  narrow  that  turning  his  boat  in  it 
is  a  task  of  some  difficulty  has  little  need  of  compass  or  range 
target :  his  liquid  path  is  narrow,  if  not  always  straight,  and  all  he 
has  to  do  is  to  shun  the  banks  on  either  side. 
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\\)U  will  realize  ihc  vaslncss  of  this  lu'er^ladc  expanse  when 
told  that  it  is  e(iual  in  s(|narc  miles  to  the  combined  area  of  Con- 
necticut and  Rhode  Island. 

The  only  relief  to  the  monotony  of  such  a  voya^^e  as  we  were 
taking:  was  afforded  hv  the  abundant  and  beautiful  bird  life, 
ducks,  herons,  cranes,  limpkins,  and  other  acpiatic  fowl — met  so 
casuallv  that  their  family  names,  if  ever  heard,  have  been  for- 
gotten— were  a  constant  delight  to  the  eye.  Then,  too,  there  were 
the  alligators,  little  and  big,  and  the  snakes  and  other  reptile  life. 

On  a  later  vo\ai^e,  made  pleasant  for  us  by  the  ])resence  of  our 


Taking  a  "Glade  boat"  to  the  Glades. 

wives,  they,  the  ladies,  began  counting  alligators,  but  when  they 
reached  five  score  they  tired  of  that  census. 

On  the  morning  of  May  8  we  passed  into  Lake  Okeechobee, 
the  liquid  heart  of  P'^lorida,  and  on  occasion  that  heart  palpitates 
vigorously,  as  I  was  to  r'ealize  to  my  discomfort  at  a  later  date 
when  I  was  out  on  it  in  a  storm.  At  the  time  of  our  first  visit 
this  lake  had  never  been  surveyed,  and  one  of  our  duties  was  to 
determine  its  form  and  area.  By  an  arrangement,  which  Mr. 
Leighton  was  able  to  perfect,  this  lake  survey  was  made  for  us 
by  Mr.  E.  P.  Davis,  Topographer  of  the  U.  S.  Geological  Survey. 
This  survey  was  at  our  expense,  but  it  is  sponsored  by  the  U.  S. 
Geological  Survey.     The  greatest  width  of  the  lake  is,  north  and 
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south.  j\j  miles,  and  cast  and  west,  31  miles;  its  area  at  eleva- 
tion H)  alx)ve  sea  Icxcl  is  yj^  s(|uare  miles — which  makes  it  the 
largest  body  of  fresh  water  within  the  confines  of  any  single  state 
in  the  L'nion.  It  is  a  beautiful  sheet  of  water,  abounding  with 
fish.  So  abundant  are  the  tinny  tribes  that  the  catch  is  an  in- 
dustry of  great  importance  and  its  earnings  run  into  six  figures, 
and  1  am  not  sure  that  they  do  not  call  for  seven.  This  catch 
was  formerly  shipped  77'a  the  Caloosahatchie  to  Fort  Myers  and 
by  the  North  New  River  Canal  to  b'ort  Lauderdale  for  shipment 
by  rail  to  northern  markets.  But  on  the  Oth  of  January,  191 5,  the 
track  of  the  Florida  East  Coast  Railway  reached  the  north  side 
of  the  lake  and  immediately  a  town  sprang  up,  with  the  fishing 
industry  as  its  inspiration.  I  Avas  there  early  in  Noveml>er  of  that 
year  and  it  then  had  11 00  inhabitants,  a  bank,  electric  light  and 
ice  plants,  and  other  modern  comforts  and  conveniences.  Of 
course,  the  Florida  East  Coast  Railwa}'  now  takes  all  of  '*  the 
catch  "  in  its  refrigerator  cars  and  speeds  it  to  northern  markets. 
The  harbor  of  this  new  tow^n  is  on  the  Onoshohatchie  Creek  or 
River,  which  is  a  deep,  crooked,  and  very  picturesque  stream. 
But  the  new  town  is  on  the  north  side  of  Lake  Okeechobee,  and, 
River,  which  is  a  deep,  crooked,  and  very  picturesque  stream, 
ing  from  the  lake  southward  to  the  Gulf;  not  bounded,  however, 
by  the  Atlantic  on  the  east  and  the  Gulf  of  ^lexico  on  the  west, 
for  there  is  on  each  side  an  inconsiderable  uplift  or  ridge,  and 
the  Everglades  till  the  trough  between  these  ridges.  This  uplift 
along  the  Atlantic  coast  is  only  a  few  miles  wide,  but  much  wider 
on  the  Gulf  side. 

What  one  sees  of  the  Everglades  is,  as  heretofore  described, 
a  vast  expanse  of  saw-grass-covered,  waterlogged  soil.  What 
one  does  not  see  is  the  solid  substratum  upon  which  this  super- 
imposed mass  rests,  and  my  ignorant  preconceptions  were  first 
startled,  then  dissipated  when  I  learned  that  the  substratum  is 
rock:  rock  whose  general  surface  is  level,  but  not  smooth;  it  is 
full  of  pot-holes  and  minor  indentations.  How  did  this  solid 
foundation  for  the  peninsula  come  to  be  there  ?  I  do  not  know% 
but  I  accept  with  faith,  not  to  be  shaken  until  better  proofs  are 
forthcoming,  the  explanation  given  by  Prof.  Louis  Agassiz  in  a 
report  to  the  Superintendent  of  the  Coast  Survey,  on  examina- 
tion of  Florida  reefs,  keys,  and  coast,  dated  August,  1851.    This 
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report  is  "  II.   Doc.  j6,"  Ai)pciidix  So.    lo.      I   (juote  the  intr<j- 
(luctorv  remarks : 

*'  To  form  a  correct  idea-  of  the  i'hjrida  reefs,  it  is  of  para- 
mount importance  to  keep  in  mind  the  topoj^raphical  features  of 
the  whole  country.  The  )>eninsula  of  Florida  projects  between 
the  Gulf  of  Mexico  and  the  Atlantic,  from  the  30th  degree  of 
northern  latitude  nearly  to  the  24th,  as  a  broad,  Hat,  low  prom- 
ontory, which  has  generally  been  considered  a  continuation  of 
the  lowlands  of  the  Southern  States.  But,  as  we  shall  see  here- 
after, this  is  not  the  case,  or,  at  least,  not  with  resi>ect  to  the 
southern  extremity  of  the  peninsula,  which  consists  of  the  same 
formations  as   the  reef   itself.      Again,   in   a  physical   point  of 


Hill's  party  en  route  for  Lake  Okeechobee. 

view,  Florida  is  not  limited  to  those  tracts  of  land,  forming  the 
peninsula,  which  rise  above  the  level  of  the  sea,  for  the  exten- 
sive shoals  along  its  southern  extremity,  between  the  mainland 
and  the  keys  and  reefs,  as  well  as  those  extending  to  the  west  as 
far  as  the  Tortugas,  whence  they  stretch  along  the  western  coast, 
in  fact  belong  to  it,  and  are  intimately  connected  with  it,  by  theii* 
physical  character.  There  is  a  similar  tract  of  flats  along  the 
eastern  shore,  but  it  is  not  so  extensive  as  on  the  southern  and 
western  shores,  nor  does  it  partake  as  largely  of  the  peculiar 
character  of  the  peninsula,  being  chiefly  formed  of  the  alluvial 
sand,  drifted  ashore  bv  the  waters  of  the  Atlantic." 
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Agassiz  credits  the  coral  insect  witli  thi>  vast  work  ut  fuuiula- 
tioii  building,  as  is  shown  by  a  further  quotation  : 

"  The  reefs  of  Morida,  as  they  have  been  described  in  the 
foregoing  sketch  of  the  topogra[>hy  of  that  state,  and,  indeed, 
the  separate  parts  of  each  of  these  reefs,  in  their  extensive  range 
from  northeast  to  southwest,  present  such  varieties  as  will  afford, 
when  judiciously  combined,  a  complete  history  of  the  whole 
process  of  their  formation. 

"  Here  we  have  groups  of  living  corals,  beginning  to  expand 
at  considerable  depth,  and  forming  isolated,  disconnected  patches 
— the  lirst  rudiments,  as  it  were,  of  an  extensive  new  reef.  There 
we  have  a  continuous  range  of  similar  corals  in  unbroken  con- 
tinuity for  miles,  or  even  hundreds  of  miles,  rising  at  unequal 
heights  nearly  to  the  surface. 

*'  Here  and  there  a  few  heads  or  large  patches,  or  even  ex- 
tensive flats  of  corals,  reach  the  level  of  low-water  mark,  and  may 
occasionally  be  seen  above  the  surface  of  the  waters,  when  the  sea 
is  more  agitated  than  by  the  simple  action  of  the  tides.  In  other 
places  coral  sands  or  loose  fragments  of  corals,  larger  or  smaller 
boulders,  detached  from  lower  parts  of  the  living  reef,  are  thrown 
upon  its  dying  summits,  and  thus  form  the  first  accumulation  of 
solid  materials,  rising  permanently  above  low-water  mark ;  col- 
lected sometimes  in  such  quantities  and  at  such  heights  as  to  re- 
main dry,  stretching  their  naked  heads  above  high  water. 

"  In  other  places  these  accumulations  of  loose,  dead  materials 
have  entirely  covered  the  once  living  corals,  as  far  as  the  eye  can 
reach  into  the  depth  of  the  ocean;  no  sign  of  life  is  left,  except, 
perhaps,  here  and  there  an  isolated  bunch  of  some  of  those  species 
of  corals  which  naturally  grow  scattered,  or  of  those  other  or- 
ganisms which  congregate  around  or  upon  coral  reefs;  but  the 
increase  of  the  reef  by  the  natural  growth  of  the  reef-building 
corals  is  at  an  end.  Again,  in  other  places,  by  the  further  accumu- 
lation of  such  loose  materials,  and  the  peculiar  mode  of  aggrega- 
tion which  results  from  the  action  of  the  sea  u^XDn  them,  and 
which  will  be  more  fully  explained  hereafter,  extensi\e  islands 
are  formed,  ranging  in  the  direction  of  the  mainland,  which  sup- 
ports them.  Elsewhere  we  may  find  the  whole  extent  of  the  reef 
thus  covered,  which,  after  a  still  more  protracted  accumulation, 
perhaps  becomes  united  with  some  continental  shore. 

*'  Now  it  must  be  obvious  that,  from  a  comparison  of  so  many 
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separate  stages  of  the  growth  of  a  coral  reef,  a  correct  insight 
iiia\-  be  ohlained  into  tlie  process  of  its  formation;  and,  indeed, 
in  thus  alhiding  to  the  (HlTerent  locahties  winch  came  under  our 
own  observation,  we  have  already  given  a  general  history  of  its 
progress,  which  we  now  proceed  to  illustrate  more  in  detail. 

"  W'c  would,  however,  first  remark  that  the  extraordinary 
varieties  which  exist  in  the  natural  condition  of  different  parts  of 
the  same  reef,  or  of  different  reefs,  when  compared  with  each 
other,  fully  explain  the  discrepancies  between  the  reports  which 
have  been  obtained,  respecting  the  reefs  of  Florida,  prior  to  our 
investigations. 

"  It  had  been  stated  that  the  reefs  consisted  solely  of  living- 
corals;  and,  indeed,  this  report  is  true  of  the  outer  reef,  which  is 
called  by  all  the  inhabitants  of  Florida  '  the  reef  '  par  excellence, 
and  is  unfounded  onlv  with  reg^ard  to  those  few  islands  Avhich 
rise  above  the  surface  of  the  sea  at  Sand  Key  and  the  Sambos. 
Others,  \vho  had  noticed  only  the  larger  accumulations  of  coral 
fragments  w^hich  occur  on  the  shores  of  some  of  the  islands 
forming  part  of  the  Florida  reef,  had  reported  the  islands  to  be 
formed  of  coral  rocks;  w^hile  some  who  had,  perhaps,  observed 
the  extensive  excavations  made  around  Key  West  have  told  us 
only  of  the  existence  of  oolitic  and  compact  rocks,  almost  desti- 
tute of  corals  or  other  remains  of  animal  life ;  and  from  still  other 
localities  comes  the  opifiion  that  the  rocks  consist  of  nothing  but 
more  or  less  disintegrated  shells,  cemented  together. 

"  Such  are  different  species  of  Area,  the  date-fish  among  the 
]\Iollusca,  and  many  \vorms,  especially  Serpula  among  articulates, 
the  agency  of  w^hich  in  the  formation  of  the  keys  w-ill  be  de- 
scribed hereafter.  All  these  animals  and  plants  contribute,  more 
or  less,  to  augment  the  mass  of  solid  materials  which  is  accumu- 
lating upon  the  reef,  and  increase  its  size.  Not  only  are  the  hard 
parts  of  shells,  echinoderms,  worms,  or  their  broken  fragments, 
heaped  among  the  detritus  of  the  corals,  but  occasionally  even  the 
bones  of  fishes  and  turtles,  which  are  very  numerous  along  the 
reef,  may  be  found  in  the  coral  formations. 

''  The  decaying  soft  parts  of  all  these  animals  undoubtedly 
have  their  influence  upon  the  chemical  process,  by  which  the  lime- 
stone particles  of  their  solid  frame  are  cemented  together,  in  the 
formation  of  compact  rocks.  Upon  this  point  we  may  expect 
further  information  from  Professor  Horsford,  who  is  now  sub- 
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milling  lu  chemical  analysis  all  the  \aricly  of  rcjcks  and  ihc  solid 
stems  of  the  dilYerent  corals  obtained  in  Florida.  Respecting  the 
relations  o\  the  solid  and  soft  parts  of  the  living  coral  and  their 
mode  oi  i^row  th.  we  wonld  refer  to  a  pai)er  of  ours  now  in  press, 
to  appear  in  the  next  xolume  of  the  '  Smithsonian  Contribution^ 
t(^  Knowledge.' 

Well,  we  know  the  rock  is  there,  and  the  scientist  ({iKJted  tell> 
us  how  it  came  there. 

It  is  overlaid  with  soil,  the  depth  of  which  at  Lake  Okeechobee 
is  from  14  to  20  feet,  and  this  depth  diminishes  with  the  distance 


"Flat  Woods." 

southward  from  the  lake  until  at  last  the  rock  surface  is  visible 
and  practically  bare  of  soil. 

This  statement  would  lead  the  hearer  to  conclude  that  a 
barren  region  had  been  reached,  but,  far  from  it,  the  rock  is  so 
porous  that  roots  penetrate  it  and  find  elements  to  support  arboreal 
life.  Some  of  the  best-looking  orange  groves  in  Florida  flourish 
in  this  rock  land. 

A  pot-hole  is  made  by  the  use  of  dynamite  or  other  method  of 
excavation.  The  stone  removed  is  pounded  up.  mixed  with  any 
available  soil  placed  back  in  the  hole  it  came  from,  the  tree  set  in 
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llic  spot  iliii^  prepared,  and  iIrtc  il  i;i'()\vs,  thrives,  and  l)L'ars 
luscious  fruit. 

Mr.  Kirk  Monroe,  anthor  of  man}-  l)o\s'  books,  said  to  me, 
'*  We'  farm  liere  w  ith  pick  and  ero\vl)ar." 

To  L;et  back  to  the  work  of  our  C(jniniission. 

We  put  several  parties  in  the  field,  and  it  would  ])e  interest- 
ing;" to  follow  the  fortunes  of  each  of  these  units,  but  to  do  so 
would  far  exceed  the  time  limit  which  should  be  fixed  for  one 
eveninj^'s  talk.  So  1  will  tell  of  the  experiences  of  one  party 
only — that  in  charge  of  Mr.  George  B.  Hills.  This  survey  was 
intended  to  develo]>  a  canal  route  from  Lake  Okeechobee  through 
lowlands   which   would   involve  a  minimum  of   excavation,  and 


Camp  in  the  "Flat  Woods." 


it  followed  the  depression  known  as  Loxahatchie  slough.  For  a 
little  while  wagons  were  available  for  transportation  of  camp 
equipage  and  provisions,  but  soon  they  were  abandoned  and  re- 
sort was  had  to  "  glade  boats,"  a  light  craft  used  by  hunters  and 
Seminole  Indians.  They,  too,  had  to  be  abandoned,  and  then 
each  man  had  a  pack  of  provisions  assigned  him  and  they  struck 
boldly  into  the  swamp.  Had  I  had  the  least  conception  of  what 
these  men  were  to  endure,  I  should  not  have  permitted  the  effort 
to  be  made.  They  struggled  along  through  muck  and  saw  grass, 
exposed  to  swarming  insects  arid  innumerable  reptiles.     Speak- 
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ing  of  reptiles,  beture  they  abandoned  glade  boats  two  of  the 
men  used  a  boat  for  a  bunk  one  n.glu.  In  the  night  thev  became 
aware  of  a  third  occupant,  and  diat  bed-lellow  ua>  a  big  snake. 
W  ith  alacrit}  they  took  to  the  swamp  and  left  the  bunk  to  the 
snake.  1  do  not  remember  h(jw  n^.any  days  they  spent  floundering 
through  this  morass,  but  at  last  they  reached  solid  ground  on  the 
shore  oi  the  lake.  '1  hey  were  out  of  food  and  so  much  exhausted 
that  Mr.  Hills  told  me  they  could  n(,)t  have  struggled  through 
another  looo  feet  of  such  going  as  they  had  experienced.  Their 
equipment  and  provisions  had  been  sent  to  Fort  Lauderdale,  to 
be  shipped  alx)ard  our  chartered  motor  yacht  to  Lake  Okeechobee. 
You  can  well  appreciate  the  joy  of  these  explorers  when,  after 
resting  on  the  shore  of  the  lake  for  alxmt  an  hour,  they  saw 
the  Pearl  headed  their  way,  laden  with  provisions,  clean  and 
whole  clothes,  cots,  and  other  of  life's  comtorts. 

The  journey  over  this  route  from  the  coast  to  the  lake  had 
never  before  been  made  by  white  men.  I  say  b\-  white  men,  for 
nobody  knows  where  the  Seminoles  have  been  nor  \et  how  they 
managed  to  traverse  these  wilds  unscathed  by  saw  grass  and 
unbitten  by  reptiles.  They  go  barelegged  and  barefooted.  The 
Good  Lord.  '*  who  tempers  the  wind  to  the  shorn  lamb,"  must 
have  given  these  people  armored  hides. 

This  was  the  exj^erience  of  one  of  our  parties  and  was  the 
hardest  of  all,  but  none  of  the  others  had  reason  to  think  they 
were  out  for  a  picnic.  They  did  their  work  and  did  it  well,  and 
on  the  results  we  were  able  to  make  our  report  to  the  state 
authorities.  This  report  is  printed  as  Senate  Doc.  Xo.  379.  63d 
Congress,  26.  Session. 

In  the  main,  the  knowledge  obtained  confirmed  the  ideas 
which  I  advanced  to  the  state  authorities  when  I  met  them  in 
Tallahassee,  April  28,  191 3. 

To  sum  up  our  recommendations,  as  set  forth  in  that  report : 

The  vital  suggestions  were  a  canal  from  Lake  Okeechobee  to 
the  St.  Lucie  River,  about  2^  miles  long,  200  feet  wide,  12  feet 
deep,  to  carrv  ofif  the  flood  waters  poured  into  the  lake  b\-  the 
Kissimmee  River  and  other  northern  tributaries. 

To  insure  that  the  floods  should  take  the  route  thus  provided, 
we  recommended  that  locks  should  be  placed  in  each  of  the  canals 
heretofore  constructed,  or  hereafter  to  be  constructed,  leading 
from  the  lake,  so  as  to  prevent  anv  flow  of  lake  water  throu2:h 
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those  channels   except   what    would   he   needed    for   purposes   of 
na\i<^ati()n  and  irrigation. 

The  fall  from  Lake  Okeechohee  t(j  the  St.  J.ucie  River,  when 
the  low  lake  stage  is  i6  feet  ahove  sea  level  (the  high  stage  is  19 
above  sea  level),  is  J  5.2  feet.  Allowing  a  sloi>e  of  two-tenths 
])er  mile  in  the  canal  and  taking  the  elevation  of  the  St.  Lucie 
River  at  the  discharge  end  of  the  canal  as  +0.8,  we  have  a  head 
of  1 1  feet ;  we  figured  the  minimum  discharge  through  the  canal 
as  5000  cubic  feet  per  second,  and  the  resulting  electrical  horse- 
power on  80  per  cent,  efficiency  as  5000  net.  Such  a  poten- 
tiality in  a  land  where  there  is  no  coal  and  w^here  firewood  is 
scarce  is  an  asset  of  very  great  value. 

The  value  of  these  Everglades  lands  when  drained  is  great 
beyond  all  question,  but  in  my  judgment  they  must  be  used  to 
produce  other  things  than  semi-tropical  fruits  and  garden  truck. 
If  this  vast  area  was  devoted  to  raising  oranges,  grape-fruit, 
and  such  other  fruits  as  the  soil  is  suited  to,  the  yield  would  far 
surpass  any  human  demand  for  it,  and  a  glutted  market  would 
be  an  unprofitable  one.  But  these  lands  will  produce  many  of  the 
staples,  such  as  corn,  broom  corn,  alfalfa,  etc.,  and  the  meat 
supply  can  be  greatly  augmented  by  the  cattle  which  may  be  raised 
in  tremendous  number  in  this  land  where  there  is  no  winter  and 
where  Nature  offers  a  continual  food  supply  for  graminivorous 
animals. 

The  work  that  we  recommended  as  desirable  for  progressive 
accomplishment  \vould  cost  $22,400,000,  but  we  recommended 
that  the  development  should  only  proceed  so  fast  as  to  keep  ahead 
of  actual  demands  of  population. 

The  exploitation  of  the  Everglades  by  land  speculators  has 
given  a  very  unsavory  reputation  to  these  lands.  I  have  never 
had  occasion  to  know  the  facts  in  the  case,  but  it  has  been  given 
out  as  a  fact  that  40,000  persons  had  bought  Everglades  lands 
under  promise  that  they  would  be  drained  and  made  fit  for  culti- 
vation. The  natural  inference  is  that  the  retail  venders  of  these 
subaqueous  lands  had  wilfully  and  viciously  misrepresented  the 
facts  in  the  case,  and  that  they  did  greatly  exaggerate  the  virtues 
of  the  soil  they  w^ere  selling  is  abundantly  showm,  but  it  is  also 
a  fact  that  men  who  bought  large  tracts  from  the  state  made  the 
purchases  under  assurances  from  the  state  officials  that  the  lands 
would  be  drained.     These  assurances  were  made  bv  officials  who 
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were  ill  advised  aiul  loo  ui)tiinislic.  ll  wa.s  only  alter  llouiider- 
ing  along  for  years  without  ade(|iiate  knowledge  of  the  facts,  the 
difhculties.  and  the  proi>er  remedies  to  he  applied  that  the  (iov- 
ernor  and  his  associate  trustees  of  the  Internal  lmi)rovcnieni 
Fund  of  the  State  of  Morida  decided  to  call  into  heinir  '*  The 
Florida  Fverglades  Engineering  Commission."  Sor  do  we  who 
composed  that  commission  claim  to  have  exhausted  the  subject. 
This  is  brought  out  clearly  on  page  42,  in  this  language:  **  Let  no 
one  vainly  imagine  that  this  report,  or  the  report  of  anv  com- 


Transitman  and  Leveller. 
(Hendrickson)  (Pynchon) 


mission  similarly  instructed,  can  ])e  the  last  word  on  the  subject. 
On  the  contrary,  such  a  report  can  onl\'  be  the  beginning  of  in- 
formation. Patient  and  continuous  stud}'  by  the  state's  officers, 
and  especially  by  the  farmer,  must  proceed  for  a  generation." 

After  deducting  time  lost  in  preparation  for  our  work,  and 
in  assembling  its  results  for  the  report,  our  investigations  cov- 
ered only  four  months. 

One  feature  of  the  proposed  Okeechobee-St.  Lucie  Canal  is 
worthy  of  mention.  That  canal  and  Lake  Okeechobee  will  fur- 
nish 57  miles  of  a  12- foot  waterway  across  the  state,  leaving  62 
miles  of  smaller  canal.  Lake  Hickpochee,  and  the  Caloosahatchie 
River  to  be  improved  to  give  a  trans-Floridian  barge  canal  from 
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ihc  Atlantic  to  ilic  ( iiill  of  Mexico.  The  voyage  around  the  end  of 
the  peninsula  l)et\\een  the  points  ctjnnected  by  this  l)ar<^a'  canal 
(that  is  to  he)  is  over  300  miles.  To  cover  all  of  the  points 
discussed  in  our  report  would  lie  to  reproduce  the  rep(jrt,  for 
therein  we  tried  to  elucidate  the  fads  with  the  fewest  words  that 
would  make  them  clear. 

Before  departing  from  the  h>verglades.  1  will  reproduce  some 
verses  which  1  have  seen  in  print  describing  somewhat  poetically 
that  vast  expanse  as  seen  by  day  and  by  night : 

"The  Everglades. 

Across  the  widespread  Everglades — 

With  its  myriad  host  of  saw  grass  blades, 

And  never  a  shrub,  or  vine,  or  tree, 

To  fix  a  spot  on  the  grass-grown  sea 

That  stretched  away  till  the  sea  and  sky 

Seem'd  to  have  met,  to  the  far-strained  eye — 

The  last  slant  rays  of  westering  day 

Had  passed,  with  glow  and  glory,  away ; 

And  shades  and  shadows,  mixed  and  blended, 

Made  the  night  of  a  day  that  is  done  and  ended. 

All  overhead  in  the  limitless  blue 

A  sparkle  of  starlight  filtered  through 

The  mantle  of  circumambient  air, 

And  naught  could  have  made  a  night  more  fair, 

Unless  across  the  vasty  dome 

The  crescent  moon  had  deigned  to  roam. 

Xow  we  had  journeyed  all  day  long. 

Hearing  the  engine's  monotonous  song, 

While  looking  east  or  looking  w'est, 

The  desolate  scene  our  souls  oppres't. 

There  was  never  the  sign  of  a  living  thing. 

Save  life  that  throbs  in  the  bird  on  the  wing, 

As  we  traversed  a  channel  man  had  made 

Across  the  widespread  Everglade. 

A  channel  through  rock  and  muck  and  turf 

To  join  a  lake  with  old  Ocean's  surf, 

And  Okeechobee's  waters  flowed 

Through  the  hollow  way  of  this  liquid  road. 

But  all  of  a  sudden,  out  of  the  dark. 

There  glowed  and  glimmered,  spark  after  spark, 

And  all  around,  ahead  and  astern. 

Countless  lights  began  to  burn'. 

Till  it  seemed,  just  then,  to  our  dreamy  gaze. 

That  the  lights  of  a  city  began  to  blaze : 
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Lights  in  ilu-  wnulows  oi  c*>uiuU'>s  lu)im.'s  ; 

Lights  that  glowed  'nealh  pahitial  donu's. 

I  lit  the  way  ihosc  hghis  would  flicker  aud  wink 

I'ilk'd  us  with  wonder;  just  to  think 

Of  the  marvelous  torches  (iod  supplies 

To  these  tiny,  light-winged  tiretlies. 

luit  we  thought  l)C\ond  this   fairy   scene, 

And  saw  a  vision  of  what  it  will  mean 

To  wrest  for  man  this  vast  domain 

Which    for  ages  gone  has  tenantlcss  lain. 

Save  for  creatures  that  creep  and  crawl 

O'er  a  surface  held  in  water's  thrall. 

Hut  we  know,  some  day.  that  liglits  will  show 

Just  where  we  saw  the  hretlies  glow. 

And  that  each  of  these  lights  will  mark  and  tell 

Of  a  home  where  comfort  and  love  indwell. 

And  children  will  play  in  gardens  of  flowers. 

And  Florida  say,  '  This  fair  land  is  ours.'  " 

Tallahassee,  Capital  City — why  mention  that  ancient  town  in 
connection  with  drainage?  It  is  l)uilt  on  hills,  its  rains  rnn  off 
qnickly,  and,  speaking  aqueously.  it  is  a  dry  town:  how  really 
wet  it  is  I  know  not.  But,  he  that  as  it  may,  Tallahassee  is  the 
seat  of  state  government,  and  state  government  is  inseparahly 
connected  with  the  Everglades.  Without  wise  direction  from 
that  seat  of  power,  the  Everglades  will  never  realize  the  poet's 
dream  of  many  happy  homes  amid  gardens  of  flowers.  The 
poNvers  centred  in  Tallahassee  must  set  the  stamp  of  their  ap- 
proval upon  wisely-developed  plans  for  the  work,  and  they  must 
secure  the  monews  necessary  to  carry  out  those  ])lans  upon  a 
financial  scheme  which  will  so  safeguard  the  purchasers  of  the 
state's  securities  that  bonding  houses  will  not  look  askance  and 
shy  away  from  such  offerings. 

But  there  is  more  of  interest  to  Tallahassee  than  its  Capitol. 
It  is  a  picturesque  old  town :  there  are  homes  there  generations 
old,  with  an  air  about  them  of  the  ancient  regime,  dignified  ease 
and  social  consecjuence.  There  are  wonderful  live  oaks  in  public 
squares  and  along  shady  streets  with  Spanish  moss  pendant  from 
their  giant  arms.  There  are  roses  in  Tallahassee,  profuse  in  their 
bloom  and  delicious  in  their  odor.  It  is  a  quiet  old  i)lace  in  which 
one  weary  of  the  rush  and  bustle  of  life  in  our  modern  cities  can 
find  rest  and  time  for  reflection.  One  might  almost  call  it  a  dead 
town.     Once,  when  I  was  going  there,  a  friend,  who  knew  the 
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place  better  than  I  did.  asked  where  I  was  ^<>iii<4.  I  told  him, 
*'  Tallahassee."  "  W  ell,"  he  said,  "  when  n ou  i^et  w  ithin  ten 
miles  of  it  your  le<;  w  ill  <y()  to  sleep."  The  deadest  place  within 
the  city  limits  is  the  (jld  cemetery,  an  interestin<(  "(iod's  acre." 
The  hrst  settlers  sleep  quietly  there.  .\mon<i^  the  tombs  were 
many  bearin<;-  m\-  surname.  The  epitaph  on  one  tomb  thrills  one, 
for  it  tells  that  the  dust  l>eneath  was  once  the  li\ing  son  of  Murat, 
Napoleon's  great  cavalry  leader.  The  name  on  the  tomb  is 
Napoleon  Achille  Alurat,  Prince  of  Italy.  He  was  born  in  Paris, 
1 80 1,  the  son  of  Murat  and  the  great  Xapoleon's  youngest  sister, 
Caroline.      When    Murat   was   driven   from   the   throne  of    Italv 


A  Seminole  settlement. 

this  son  was  sent  to  Austria  and  there  educated.  When  the 
power  of  his  family  was  broken  he  came  to  America,  purchased 
land  in  Florida,  and  became  a  planter;  was  mayor  of  Tallahassee. 
He  married  a  daughter  of  Col.  Byrd  Willis,  of  Virginia.  Many 
interesting  stories  are  told  as  being  characteristic  of  the  man.  He 
was  very  hospitable.  It  was  his  delight  to  have  guests  at  meals. 
When  his  fortune  was  broken  he  could  not  overcome  his  hos- 
pitable instincts.  It  is  said  that  on  one  occasion  he  brought  home 
guests  w^hen  the  larder  was  empty.  W^hen  he  w^as  advised  of  the 
facts  he  told  the  cook  to  go  out  to  the  pen,  cut  the  ears  off  the 
pigs,  and  make  a  stew.     I  have  heard  that  **  One  can  not  make  a 
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silk  purse  out  ot  a  sow's  car."  but  ucnct  l)c'l'orc*  liavc  1  heard  oi 
making  a  stew  out  ot"  that  or^^an.  W  ith  tliis  hist(^ric  example 
in  e\iclence,  wlio  shall  sa\-  it  can't  l>e  done? 

Jn  191  I.  Senate  Doc.  Xo.  89,  Gjd  Congress,  l^'irst  Sessi(jn. 
was  published.  This  contains  a  very  interesting^  compilation  of 
acts  of  Con«^ress  and  of  the  state  Le<i^islature.  and  other  i>apers, 
state  and  national,  relating  to  the  l^ver<^lades  of  b'lorida  and  their 
reclamation.  This  document  contains  a  great  deal  of  valuable 
information.      If   it    is   compared    with   ilie    report   contained   in 


Working  a  passage  on  a  "Glade  boat." 

Senate  Doc.  Xo.  379,  63d  Congress,  Second  Session,  a  very 
radical  contradiction  of  conclusions  and  engineering  methods 
is  immediately  manifest.  This  Doc.  X^o.  89  shows  that  by  Act  of 
Congress,  approved  September  28.  1850,  upwards  of  20,000,000 
acres  of  land  have  been  patented  to  Florida.  It  may  interest 
Philadelphians  to  know  that  a  former  citizen,  ^Ir.  Hamilton 
Disston,  bought  4.000,000  acres  of  these  lands  in  1881,  and  on 
February  26,  1881,  the  said  Disston  entered  into  contract  to  drain 
all  of  the  overflowed  lands  in  the  state  of  Florida  belonging  to  it. 
and  lying  south  of  Township  23  and  east  of  Peace  Creek.  Under 
an  amended  contract,  dated  August  17,  1888,  the  Disston  Com- 
pany was  to  receive  one  acre  of  land  for  each  25  cents'  worth  of 
drainage  work  done  under  the  contract.     Following  this  contract 
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tliroii^li  to  its  linal  aljaiulonincnt  would  be  nui  ol  place  here.  The 
earliest  work  done  under  this  contract  was  north  ol"  Lake  (Jkee- 
chohee,  in  the  \icinit}'  of  Kissininiee.  Kissininiee  is  located  upon 
the  north  side  of  Lake  'r()h()])ekali!4a.  which  is  the  head  water  of 
the  Kissininiee  l\i\er,  and  a  heautiful  >heet  of  water.  In  this 
lake  are  two  lovely  islands,  one  called  I'leinin^s  Island,  the  other 
Paradise  Island. 

It  was  necessary  that  we — Messrs.  Lei<^hton,  Perkins,  and 
Kandolph — should  have  a  pretty  good  idea  of  the  territory 
drained  hv  the  Kissininiee  River,  the  run-off  from  which  is  dis- 


Tombs  of  Prince  Napoleon  Achille  Murat  and  his  Wife. 

charged  into  Lake  Okeechobee.  To  acquire  this  pretty  good  idea, 
we  chartered  the  small  steamer  Lilly,  owned  and  operated  by 
Captain  Clay  Johnson,  of  Kissininiee.  Captain  Clay  Johnson  is 
one  of  the  features  of  the  Kissininiee  region.  If  John  Hay  had 
known  him  he  would  have  immortalized  him  in  verse,  or,  had  he 
been  known  to  ^lark  Twain,  one  more  character  sketch  would 
ha\e  found  its  place  among  the  friends  whose  pen-pictures  are  in 
the  great  gallery  delineated  for  us  by  that  inimitable  artist.  A 
vo}age  with  the  Captain  up  or  down  that  crooked  river  would 
serve  to  equip  the  voyager's  memory  with  the  lore  of  the  land  and 
the  picturesque  vocabulary  of  a  voluble  boatman. 

\\'e  left  that  young  cit}-  at  7:42  a.m..  July  17,  1913.  steamed 
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across  Lake  roliopokalii^a,  clc\cn  miles  to  tlic  Soiiihporl  Canal, 
diii!"  iiiuk'r  tlu'  hisston  conlracl.  and  throni-h  this  canal  lonr  miles 
into  J.ake  express,  across  it  into  1  latclienaha  Canal,  which  led 
ns  into  a  lake  of  the  same  name,  Irom  which  we  issned  into  the 
Kissimmee  Kix'er — a  stream  of  man\-  convolntions — as  shown  in 
the  illnstration  below. 

Well,  it  was  an  interesting;  and  instrnctise  voyage  of  137 
miles,  ending  in  Lake  Okeechobee  at  3  p.m.  of  the  second  day. 
This  voyage  and  a  study  of  maps  prepared  by  the  War  Depart- 
ment enable  me  to  submit  a  report  in  December,   1913,  showing 


Characteristic  windings  of  the  Kissimmee  River. 

how  this  river  can  be  shortened  from  137  miles  to  109  miles, 
made  commercially  navigable  and  at  the  same  time  drain  a  vast 
area  of  valuable  land. 

The  parties  who  employed  me  to  make  this  investigation  and 
report  were  nearly  mobbed  by  people  who  want  these  lands  held 
in  their  present  condition  as  cattle  ranges.  They  do  not  own  the 
lands,  but  they  own  herds  of  cattle  and  they  need  free  pasturage 
to  increase  the  profits  of  the  business.  I  was  told  the  owners  of 
these  lands  had  built  fences  about  their  holdings,  but  to  no  pur- 
pose, as  the  fences  were  cut  down  and  the  range  kept  open. 
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I  cannot  lca\c  bcautilnl  Lake  'l'()h()[)()kali^a  without  telling 
of  a  delightful  e[)iso(le  in  ni\'  experience.  On  Saturday,  Xovem- 
her  S.  Kji,^,  1  sisited  Kissininiee  to  secure  further  data  for  the 
report  which  1  had  been  employed  to  make.  1  hunted  up  Captain 
Clay  Johnson  and  was  able  to  add  the  desired  information  to  my 
stock  of  knowledge.  I  went  to  the  dock  to  see  high-water  marks, 
and,  while  thus  engaged,  a  gentleman  approached  and  introduced 
himself  to  me  as  Mr.  Micklejohn  and  invited  me  to  dine  with 
him.  lie  explained  that  he  lived  on  the  island,  and  invited  me 
aboard  his  motor  boat;  there  he  introduced  me  to  his  wife,  and 
soon  another  gentleman  came  aboard,  who  was  introduced  as  Mr. 
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Map  of  Miami  Harbor  and  Navigable  Channel. 

Frank  Vans  x\gne\v.  The  island  w^as  perhaps  four  miles  from  the 
dock,  and  our  craft  made  its  way  through  a  choppy  sea,  beneath  a 
threatening  sky;  we  landed  and  reached  a  most  attractive  home 
just  as  the  storm  broke.  It  was  a  home  with  many  comforts  and 
no  extravagances.  To  my  surprise,  it  was  electrically  lighted  by 
a  little  domestic  electric  light  plant,  operated  by  a  5-horsepower 
gasoline  motor.  I  spent  a  charming  evening,  and  the  storm  had 
abated  and  the  moon  come  out  when  I  said  good-bye  to  Mrs. 
Micklejohn,  and  the  gentlemen  manned  and  cranked  the  motor 
boat  and  took  me  back  to  Kissimmee  in  time  to  catch  the  night 
train  for  Jacksonville.  Mr.  Vans  Agne\v  made  me  the  bearer  to 
Mrs.  Randolph  of  a  basket  of  splendid  island-grown  fruit.  Now^ 
if  the  island  is  dwelt  upon  at  all,  strangers  enjoy  its  pleasant 
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places,  for  Mr.  .iiul  Mrs.  .M  icklcj<  •liii.  w  hrii  ilic  war  Ijrokc  niii, 
went  to  llic  scciK'  as  Ucd  C  tons  iiurNCs;  and  I'rank  \  aiis  Ai-ncw 
adck'd  new   dangers  to  a  lili-  ot'  ad\  (.'iiinrt.'.      k'irsi,  In-  t-nlisicd   m 


Concrete  piles  used  in  Miami  Dock. 


Miami  Dock  under  construction. 


the  cavalry,  and,  when  he  found  how  limited  was  its  field  of 
action,  he  got  transferred  to  infantry  and  was  put  into  the  detach- 
ment of  bomb-throwers  and  soon  became  chief  bomljardier  of  his 
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rci^inienl.     Is  lie  alive  lo-day?     I  do  not  know,  but  1  hope  so.     He 
wrote  letters  to  his  kindred  in  thi>  country  and  in   kji<^land,  and 


Hydraulic  dredge  Florida. 


A  "screw  pine,"  Miami. 


man}-  of  these  were  pubHshed  in  Scrihners  as  "  Letters  of  a 
Bomb-thrower."  He  lived  with  the  Cossacks  on  the  Steppes  of 
Siberia  for  hve  or  six  years.     He  was  one  of  Roosevelt's  Rough 
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Riders,  and  now  he  has  seen  real  war,  and  I  hope  lie  nia\'  live 
thiough  ii  and  dwell  onec  more  on  his  beautiful  island  and  enjov 
the  fruits  of  peaee.  even  though  the  horrors  and  the  thrills  of 
combat  shall  ne\  er  fade  from  his  memor}-. 

Well,  1  was  to  tind  that  Florida  had  need  oi  engineers  for 
work  other  than  draina<!;-e  ditches  and  canals  for  navigation. 

Miami  wanted  a  harlxjr  and  an  outlet  to  the  sea,  and,  inas- 
much as  these  wants  had  been  felt  for  a  long  time  and  a  paternal 
Government  declined  to  satisfy  them,  Miami  remembered  that 
**  the  Lord  helps  those  wdio  help  themselves,"  and  the  memory  in 


Some  of  the  varieties  of  Florida  fish. 

spired  the  resolution  to  try  a  little  self-help :  but  somebody  had  to 
plan  the  outlet  to  the  sea  and  the  dock,  and  I  seemed  to  be  the 
somebody  who  w^as  needed,  and  I  was  instructed  to  go  ahead. 
When  the  bonds  were  voted  and  said  paternal  Government  saw- 
that  this  young  city  by  the  sea  was  in  earnest,  it  appropriated  the 
funds  necessary  for  deepening  and  widening  the  entrance  to 
Biscayne  Bay.  The  city's  w^ork,  now  nearing  completion,  com- 
prises a  channel  three  miles  long,  100  feet  wide,  and  18.8  feet 
deep,  a  turning  basin,  a  concrete  dock  1000  feet  long,  of  a  design 
never  before  built.  The  reinforced  concrete  floor  is  carried  on 
Vol.  184,  No.  1099 — 6 
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bents  spaced  twelve  feet  ceiiire  to  centre.  There  are  live  rein- 
forced concrete  piles  in  each  hent,  and  on  these  is  a  massive  rein- 
forced concrete  cap.  I  modestly  assert  that  it  is  the  hnest  dock 
on  the  Atlantic  coast  hetvveen  Hampton  Roads  and  Key  West. 
Miami  has  had  a  wonderful  growth;  it  is  about  i6  years  old  and 
it  has  a  population  of  about  20,000.  It  is  destined  to  rival  Los 
Angeles. 

Of  course,  the  stupendous  drainage  project  of  Florida  is  that 
of  the  Everglades,  but  there  are  others  of  some  consequence.  The 
most  important  of  these  others  is  the  Upi>er  St.  Johns  River 
Drainage  District,  containing  262,000  acres.  The  work  that  it  is 
proposed  to  do,  however,  will  benefit  about  as  many  more  acres. 
This  project,  upon  which  I  reported  in  191 5,  has  been  held  up 
for  over  a  year  by  the  War  Department,  upon  the  plea  that  drain- 
ing these  marshes  w^ould  injure  navigation  upon  the  St.  Johns 
River.  I  have  been  able  to  convince  the  anny  engineers  that  this 
is  an  untenable  theory,  and  nearly  all  of  the  arguments  by  which 
this  change  of  view  was  brought  about  are  based  upon,  and  sus- 
tained by,  facts  in  possession  of  the  War  Department  and  taken 
from  records  to  which  I  w^as  given  access.  xArmy  engineers — at 
least  those  with  w4iom  I  have  come  in  contact — will  not  suppress 
facts  which  are  within  their  keeping,  although  they  may  reach 
conclusions  sometimes  that  are  illogical.  However,  one  of  our 
himian  frailties  is  to  think  that  he  who  differs  with  us  is  mis- 
taken and  wrong-headed.  The  permit  for  this  work  issued  De- 
cember 22  last,  and  \ve  hope  soon  to  make  inapplicable  the  name 
"  Ocean  Prairie,"  which  attaches  to  this  tract. 

In  conclusion,  let  me  advise  all  prospective  purchasers  of 
Florida  lands  to  see  what  they  propose  buying,  either  with  their 
ow^n  eyes  or  the  eyes  of  a  thoroughly  reliable  and  experienced 
person  delegated  to  act  for  them.  Buying  ''  a  pig  in  a  poke  "  is  a 
safe  venture  compared  with  buying  land  ''  sight  unseen  " — be  that 
land  in  Florida  or  in  any  higher  latitude. 
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I.  Spectral  Analyses  and  Their  Uses. 

INTRODUCTION. 

A  perusal  of  the  literature  on  colored  media  and  a  general 
acquaintance  with  color  industries  have  led  to  the  conclusion 
that  the  chemistry  of  such  substances  greatly  dominates  the 
physics  in  color-technolog}\  In  fact,  much  of  the  physics  of 
color  is  so  little  used  in  some  of  these  activities  that  it  is  either 
not  generally  understood  by  color-technologists  or  its  value  is 
underestimated.  Spectral  analyses,  the  quantitative  determina- 
tions of  the  spectral  characteristics  of  colored  materials,  pro- 
vide the  foundations  for  many  important  aspects  of  color-tech- 
nolog}%  and  without  such  data  some  work  progresses  more  or 
less  blindly.  With  such  data,  and  those  derived  from  less  ana- 
lytical methods,  many  interesting  facts  of  color-technology  can 
be  bared  and  various  factors  can  be  determined  which  are  unap- 
proachable from  the  viewpoint  of  chemistry  or  from  ordinary 
visual  inspection.  Having  available  a  great  deal  of  data  result- 
ing from  the  study  of  the  physics  of  color  and  its  applications, 
it  appeared  of  interest  to  present  some  of  the  spectral  analyses 
which  might  be  helpful  to  others,  and  especially  to  point  out 
some  of  the  many  uses  of  such  data.  This  has  been  done  in 
the  following  paper. 

THE    ANALYSIS    OF    COLOR. 

Of  the  various  methods  of  analyzing  color,  that  of  the 
spectrophotometer  is  the  most  analytical,  and  it  provides  data 
of  far  greater  usefulness  in  the  physics  of  color  than  the  data 
which  are  yielded  by  any  of  the  other  methods.  By  this  method 
the  reflection  (or  transmission)  factors  of  the  coloring  media 
are  determined  for  radiant  energy  of  all  wave-lengths  in  the 
visible  spectrum.     When  these  are  plotted  we  have  the  spectral 

*  Communicated  by  the  Author. 
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rctlection  (or  transmission)  curves  for  the  visible  spectrum. 
By  the  same  method  the  spectral  character  of  an  illuminant 
may  be  obtained.  By  multiplying^  the  relative  energy-values  of 
the  various  wave-lengths  of  any  illuminant  l)y  the  correspond- 
ing visibilities  of  radiation,  the  special  luminosity-distribution 
curves  are  obtained  for  the  given  illuminant.  These  latter 
will  vary  with  the  illuminant  and  are  often  of  greater  importance 
than  the  spectral  energy-distribution  curves  from  a  visual  view- 
point. It  is  obvious  that  by  multiplying  corresponding  spectral 
values  the  sj>ectral  energy-distribution  and  luminosity-distribu- 
tion curves  of  any  colored  medium  may  be  readily  obtained  for 
any  illuminant.     Such  data  and  their  uses  will  be  presented  later. 

The  monochromatic  colorimeter,  which  yields  data  in  terms 
of  hue,  saturation,  and  brightness  or  luminosity,  is  the  most 
generally  analytical  among  the  so-called  colorimetric  methods. 
This  method  analyzes  color  from  the  subjective  view^point  and 
yields  data  which  may  be  readily  visualized  by  one  possessing 
some  experience  and  an  acquaintance  with  the  spectral  hues. 
From  a  subjective  viewpoint  the  monochromatic  colorimeter 
appears  the  most  feasible  method  upon  w'hich  to  base  a  scientific 
nomenclature  of  color — an  urgent  need  at  present.  An  advan- 
tage of  this  method  lies  in  relating  the  analyses  to  the  constant 
and  reproducible  visible  spectrum ;  however,  in  determining  the 
saturation  (unity  minus  the  per  cent,  white)  a  white  light  is 
necessary,  and  this  has  not  been  standardized.  A  further  diffi- 
culty lies  in  the  unsettled  state  of  color-photometry,  which  is 
necessarily  involved  in  determining  the  luminosity  or  reflection 
and  transmission  factors.  For  these  reasons  at  this  time  no 
data  will  be  presented  as  obtained  by  this  method  which  appears 
so  promising. 

The  trichromatic  colorimeter  yields  analyses  in  terms  of 
three  more  or  less  arbitrarily  chosen  primary  colors ;  namely, 
red,  green,  and  blue.  This  is  based  on  a  well-know^n  fact  of 
color-mixture:  i.e.,  that  any  color  may  be  matched  in  hue  by  a 
proper  mixture  of  these  three  properly-chosen  primaries.  Young 
built  what  has  later  become  known  as  the  Young-Helmholz  the- 
ory of  color-vision  chiefly  upon  facts  of  mixture  of  these  three 
primaries.  This  method  is  not  very  analytical,  and  it  is  quite 
difficult  to  visualize  a  color  from  an  analysis  by  this  method. 
Furthermore,  the  data  are  often  misleading  to  those  not  thor- 
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oughly  familiar  with  their  hinitations.  l^cause  the  comparisons 
are  made  from  the  suhjective  standpoint. 

Besides  these  chief  methods,  there  are  many  kinds  of  colorim- 
eters devised  for  special  purposes — useful  in  their  places,  but 
yielding  data  of  little  general  value  analyticallv.  Some  of  these 
are  merely  tintometers,  consisting  of  a  series  of  tints  of  various 
o^radients  in  hue,  saturation,  and  reflection  (or  transmission) 
factors,  designed  chiefly  for  special  purposes,  such  as  confining 
a  given  product  within  certain  limits  as  judged  by  color. 

Owing  to  the  indefiniteness  and  limitations  of  the  data  yielded 
by  most  of  these  so-called  colorimetric  methods,  and  the  diffi- 
culties attending  the  use  of  the  moncxhromatic  colorimeter  at 
present,  this  paper  will  be  confined  almost  entirely  to  si>ectro- 
photometric  data  and  their  uses.  Many  instances  arise  when  the 
degree  of  absorption  for  ultraviolet  and  infra-red  rays  is  of  in- 
terest. The  former  can  be  determined  readily  by  spectropho- 
tography  and  the  latter  by  means  of  such  energy-measuring 
instruments  as  the  bolometer  or  thermopile.  Other  methods  are 
available,  which  may  readily  be  ascertained  if  necessary. 

COLORED    MEDIA. 

For  the  purpose  of  this  paper  three  classes  of  colored  media 
will  be  represented  and  discussed :  namely,  pigments,  dyes,  and 
vitrifiable  colors  or  colored  glasses.  Pigments  are  distinguished 
from  dyes  by  their  insolubility  in  their  vehicle,  while  dyes  are 
soluble.  This  distinction  may  appear  arbitrary,  esi>ecially  in 
some  cases:  however,  it  is  employed  to  some  extent  and  is  a  con- 
venient classification.  Pigments  may  be  distinguished  from 
paints  in  that  the  latter  are  pigments  in  a  vehicle  or  medium. 
Vitrifiable  colors  are  those  which  impart  color  to  glass  and  to 
similar  substances.  Among  pigments  are  found  two  general 
classes :  one  in  which  each  particle  is  homogeneous,  and  the  other 
in  which  a  colorless  base  has  been  colored  by  depositing  coloring 
matter  upon  it.  Colored  media  vary  in  many  physical  charac- 
teristics, such  as  opacity,  fineness,  and  refractive  index,  and  they 
may  be  considered  as  varying  in  "  coloring  power."  However, 
these  facts  are  of  interest  only  incidentally  in  this  paper. 

The  color  of  a  pigment  in  a  finely-divided  state,  whether  the 
particles  are  separated  by  air  or  by  a  vehicle,  is  due  to  innumer- 
able selective  reflections   from,   and  transmissions  through,  the 
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iniiuite  particles.  I  f  tlie  powdered  pij^nient  is  given  a  smooth  sur- 
face by  pressure  it  does  not  appear  as  pure  in  cr^lor  as  when  it  is 
loosely  packed,  ])ecause  in  the  latter  case  a  <i^reater  |)r()portion  of 
the  incident  radiant  ener^^y  is  able  to  penetrate  more  deeply  into 
the  body  and  l)ecomes  colored  by  selective  reflections  and  trans- 
missions. Radiant  energy  is  regularly  reflected  from  even  the 
small  surfaces  of  the  particles  of  pigment,  and  in  those  cases 
where  the  minute  areas  of  surface  are  properly  oriented  this 
regularly  reflected  light  does  not  find  its  way  farther  into  the 
pigment,  but  is  reflected  practically  unaltered  in  spectral  char- 
acter as  compared  to  that  energy  which  penetrates  farther  into 
the  mass.  Thus  there  is  always  reflected  from  pigments  some 
radiant  energy  which  is  practically  unchanged  in  spectral  char- 
acter, which  accounts  partly  for  the  general  lack  of  purity  of  the 
colors  of  pigments.  It  is  seen  that  the  character  of  the  surface 
is  important.  Furthermore,  the  refractive  indices  of  the  pig- 
ment and  of  the  vehicle  (air  in  the  case  of  dry  powders)  are  of 
importance,  because  the  amount  of  light  regularly  reflected  from 
a  surface  is  dependent  upon  these  refractive  indices.  A  careful 
study  of  the  influence  of  the  vehicle  upon  the  color  of  a  paint 
should  lead  to  interesting  data  from  this  viewpoint  alone.  Work 
has  been  done  in  physical  optics  which  is  of  extreme  interest  in 
this  connection,  but  a  discussion  of  it  will  not  be  presented  here. 

Although  careful  observation  will  reveal  the  influence  of  the 
porosity  of  a  pigment  surface  upon  its  color,  an  excellent  example 
for  the  purpose  of  illustration  here  is  the  color  of  a  white  cotton 
fabric  compared  with  that  of  a  white  silk  fabric  after  both  have 
been  soaked  in  the  same  dye-solution.  In  Fig.  i  are  shown  re- 
productions of  microphotographs  of  white  cotton  and  silk  fabrics 
as  photographed  against  a  black  background.  It  is  seen  that  the 
silk  is  more  transparent  than  the  cotton  fibres ;  in  fact,  the  cotton 
fibres  are  merely  translucent,  as  compared  with  the  transparency 
of  silk  fibres.  The  latter  permit  the  radiant  energy  to  i^enetrate 
more  deeply,  in  general,  than  the  cotton  fibres ;  in  other  words, 
the  cotton  fibres  by  diffuse  reflection  turn  the  energy  backward 
before  it  has  penetrated  very  deeply.  For  this  reason  the  silk 
fabric  appears  of  a  purer  color  compared  with  that  of  the  cotton 
fabric  dyed  in  the  same  solution,  the  result,  in  the  case  of  the 
silk,  being  similar  to  that  which  would  have  been  obtained  with 
the  cotton  if  the  latter  had  been  dyed  in  a  more  concentrated 
solution  of  the  dve. 
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In  a  manner  similar  lo  the  case  of  pigments  the  solvent  ap- 
pears to  have  certain  inlhiences  npon  the  color  of  a  solution  of  a 
(lye,  although  this  subject  has  not  been  thoroughly  studied.  The 
substance  upon  which  a  dye  has  been  deposited  by  immersion  is 
also  of  importance  in  spectral  analysis,  as  is  indicated  by  the 
case  of  dyeing  cotton  and  silk  fibres,  Fig.  i.  The  transmission 
factor  (^f  a  dye-solution  is  a  simple  logarithmic  function  of  the 
depth  of  a  given  solution  or  of  its  concentration,  but  this  rela- 
tion varies  with  the  wave-length,  in  general  in  no  definite  relation 
l)etween  wave-length  and  spectral  transmission  factor.  For  this 
reason  no  simple  relation  between  total  transmission  and  depth  or 
concentration  can  be  established.  Such  values  of  total  trans- 
mission must  be  determined  by  direct  measurement  or  by  inte- 
gration, as  will  be  discussed  later. 

Colored  glasses  can  be  treated  much  in  the  same  manner  as 
dye-solutions.  A  given  concentration  of  coloring  material  in  a 
glass  (that  is,  a  given  colored  glass)  apparently  obeys  the  same 
law  relating  to  thickness  and  transmission  factor  for  a  given 
wave-length  as  a  dye-solution.  However,  it  is  not  established 
that  the  introduction  of  various  amounts  of  the  coloring  material 
(generally  metallic  oxides)  results  in  corresponding  concentra- 
tion, as  w^ould  be  true  in  the  case  of  dyes.  In  glass  there  is 
more  or  less  chemical  action,  and  the  uncertain  conditions  of 
melting  make  this  point  difficult  to  decide. 

The  physics  of  the  process  by  which  glasses  are  colored  by 
means  of  metallic  compounds  is  not  wholly  clear.  There  are 
many  chemical  analogies  which  are  of  interest  for  their  paral- 
lelism to  the  colors  imparted  to  glasses  by  the  metals  in  different 
states,  but  the  reasons  for  the  appearance  of  the  colors  cannot 
be  considered  as  being  thoroughly  established.  Garnett  ^  has 
presented  a  very  interesting  discussion  of  the  colors  exhibited  by 
certain  glasses  in  w^hich  metallic  oxides  had  been  incorporated. 
It  is  a  common  supposition  that  the  colors  of  certain  glasses,  such 
as  gold  red  glasses,  are  due  to  the  presence  of  very  minute  par- 
ticles of  metal.  Solutions  of  some  metals  exhibit  colors  which 
are  often  exhibited  by  colored  glasses  in  which  the  same  metals 
have  been  introduced.  Siedentopf  and  Szigmondy,  by  power- 
fully illuminating  specimens  of  colored  glass  and  colored  col- 

^  Phil.  Trans,  of  Roy.  Soc,  A,  vol.  203,  p.  385. 
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loidal  solutions  of  metals  (>l>liquely,  or  at  riglu-anj^les  to  the  line 
of  sight,  were  able  to  detect  the  presence  of  the  metallic  par- 
ticles.    Garnett's  work  explained  some  of  their  observations. 

It  is  commonly  considered  that  metals  color  glass  in  two 
ways :  one  by  being  in  a  state  of  true  solution  in  the  glass,  and  in 
the  other  bv  being  in  a  colloidal  state.  An  example  of  the  former 
is  copper  blue-green  glass,  and  of  the  latter,  gold  red  glass. 

In  dealing  with  the  physics  of  colored  media  from  the  view- 
point of  the  physicist  one  cannot  avoid  the  conclusion  that  there 
is  a  wide  application  of  physics  to  color-technology  in  many  direc- 
tions quite  unexplored :  however,  such  a  discussion  would  be 
beyond  the  scope  of  this  paper. 

SPECTRAL    ANALYSES    OF    PIGMENTS. 

In  presenting  data  which  it  is  hoped  will  l^e  of  direct  use  to 
others  only  those  colored  media  have  been  selected  which  are 
thought  to  be  fairly  constant  in  composition  and  representative. 
The  spectral  reflection  factors  of  a  group  of  dry  powdered  pig- 
ments,^ commonly  used  in  the  paint  industries  and  which  from 
general  observation  appear  representative,  were  determined  by 
means  of  the  spectrophotometer  and  the  data  are  presented  in 
Table  I.  The  light  was  reflected  from  a  thick  layer  of  the  pow- 
der, the  surface  being  gently  smoothed  by  means  of  a  sheet  of 
plane  glass.  \\'hites  and  blacks  have  been  omitted,  but  these  are 
bv  no  means  always  neutral  pigments.  Whites  are  very  com- 
monly yellowish,  and  blacks  (which  are  only  approximately  black, 
varying  in  reflection  factor  from  0.02  to  o.  i)  are  often  bluish  or 
reddish.  Although  these  departures  from  neutrality  are  not  rela- 
tively great,  they  are  sufficient  to  be  detected  by  means  of  the 
spectrophotometer.  Such  small  departures  are  readily  detected 
by  painting  the  inner  surface  of  a  box  with  such  a  supposedly 
neutral  pigment  and  by  viewing  a  white  surface  indirectly  lighted 
by  means  of  a  light-source  inside  the  box.  The  visible  radia- 
tion suffers  innumerable  reflections  "^  from  the  walls  of  the  box, 
and  that  which  illuminates  the  white  surface  is  therefore  much 
more  colored  than  the  pigment  would  appear  under  direct  illumi- 
nation. The  spectral  reflection  factors  of  pigments  are  more 
difficult  to  obtain  than  the  transmission  factors  of  dyes  in  solu- 

■  Kindly  furnished  by  Sherwin-Williams  Company. 
^M.  Luckiesh,  Trans.  I.  E.  S..  8,  1913,  p.  61. 
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tion,  l:)ecause  in  the  t\)rnKT  case  more  or  less  energy  is  re^^iilarly 
retlected  from  the  particles  directly  into  the  instrument.  Care 
must  be  taken  to  avoid  placini:]^  the  pi^nent  surface  in  such  a  posi- 
tion with  respect  to  the  slit  of  the  instrument  and  to  the  li^ht- 
source  that  an  undue  amount  of  re^^ularly  retlected  visible  radia- 
tion enters  the  instrument.  The  visible  radiation  which  is  thus 
regularly  reflected  is  practically  unchanged  in  spectral  character 
as  compared  with  that  which  penetrates  into  the  interstices  of  the 
pigment,  and  is  colored  by  innumerable  transmissions  through, 
and  reflections  from,  the  minute  particles  of  pigment.  Ai  any 
angle  some  of  the  energy  is  regularly  reflected  from  the  minute 
portions  of  the  surfaces  of  the  particles  which  are  proi>erly 
oriented.  This  accounts  partly  for  the  general  lack  of  purity  of 
the  colors  of  *'  opaque  "  pigments.  The  data  of  Table  1  are 
plotted  in  Figs.  2  and  3. 

Spectral  analyses  in  the  ultraviolet  and  infra-red  regions  are 
often  of  interest  in  general  color-technology.  In  the  former  case 
spectrophotography  is  the  simplest  method  of  attack,  although 
the  procedure  is  a  tedious  one  if  high  accuracy  is  desired.  It  is 
necessary  to  establish  photographic-density  and  pigment-illumina- 
tion (or  exposure)  relations  for  various  wave-lengths  in  order  to 
obtain  the  reflection  factors  for  radiant  energy  of  various  wave- 
lengths. Besides  this,  the  ordinary  precautions  of  photographic 
procedure  must  be  taken.  Another  possible  method  is  that  which 
involves  the  use  of  the  photo-electric  cell.  Xo  systematic  data  on 
pigments  in  the  ultraviolet  region  have  been  obtained,  so  none 
will  be  presented,  although  ofttimes  it  has  been  necessary  to  in- 
vestigate this  region  for  a  particular  pigment.  It  is  well  to  recog- 
nize the  importance  of  such  analyses  in  cases  involving  ultra- 
violet light.  An  excellent  example  is  zinc  white,  which  absorbs 
ultraviolet  energy  quite  freely. 

The  investigation  of  the  infra-red  region  requires  a  more 
elaborate  apparatus,  although  in  many  cases  where  total  energ}-- 
absorption  is  of  interest  this  can  be  obtained  rather  easily  by 
means  of  the  thermopile  or  bolometer.  In  fact,  the  ordinary 
radiometer,  or  even  the  thermometer  covered  with  a  pigment, 
yields  data  which  have  some  uses  in  practice.  Coblentz  "*  has 
published  interesting  data  on  the  reflection  factors  of  various  sub- 

*  Bulletin  Bureau  of  Standards,  vol.  9,  p.  283. 
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stances  for  infra-red  and  visible  radiation  of  several  wave-lengths. 
Among  the  substances  which  he  studied  were  a  numl)er  of  pig- 
ments. The  reflection  factors  of  white  pigments  for  energy  of 
wave-length  4.4/x  varied  from  about  o.  i  to  0.4,  and  at  8.8/a  and 
24ft  were  considerably  lower.  These  data  especially  emphasize 
the  localized  nature  of  absorption  bands,  as,  for  example,  cobalt 
oxide  is  a  better  reflector  of  long-wave  energy  than  zinc  oxide, 
yet  for  visible  rays  it  possesses  an  extremely  lower  reflection  fac- 
tor than  zinc  oxide.  Lead  oxide  is  a  much  more  efficient  re- 
flector of  long-wave  energy  than  zinc  oxide,  magnesium  carbon- 
ate, and  other  white  pigments.  The  importance  of  the  infra-red 
analyses  is  apparent  in  many  practical  activities.  Coblentz  has 
pointed  out  that  a  pigment  which  has  a  low  reflection  factor  for 
energy  of  wave-lengths  in  the  region  of  8/x  to  9/^  is  a  better  house 
paint  in  hot  climes,  because  it  re-radiates  maximally  in  this  region 
where  the  maximum  radiation  from  bodies  of  temperatures  from 
20°  to  25°  C.  is  found.  If  the  paint  has  a  high  reflection  factor 
for  visible  rays  it  thus  minimizes  the  heating  effect  of  the  in- 
cident energy.  Such  a  combination  is  quite  desirable  in  minimiz- 
ing the  heating  effect  of  solar  rays.  This  is  merely  one  example 
of  a  vast  number  of  interesting  problems  which  could  be  met  with 
more  intelligence  if  spectral  analyses  were  available. 

SOME   APPLICATIONS   OF  SPECTRAL   ANALYSES   OF  PIGMENTS. 

The  chief  use  of  the  data  derived  from  such  spectral  analyses 
is  that  of  establishing  the  spectral  character  of  the  pigment.  The 
general  value  of  such  data  needs  no  defence,  for  it  is  the  actual 
foundation  of  the  pigment  as  a  coloring  material.  Its  purity  is 
thus  established ;  its  influence  in  color-mixture  may  be  predicted ; 
the  purity  or  desirability  of  a  color  resulting  from  various  mix- 
tures of  pigments  whose  spectral  analyses  are  available  may  be 
predetermined;  and  in  many  ways  such  data  are  useful.  It  is 
quite  beyond  the  scope  of  a  single  paper  to  discuss  all  the  physical 
uses  of  such  data;  besides,  it  is  the  intention  to  confine  the  dis- 
cussion chiefly  to  aspects  which  are  likely  to  be  less  commonly 
appreciated.  For  the  latter  purposes  other  data,  such  as  the 
spectral  energy-distribution  in  illuminants  and  the  visibility  ot 
radiation  of  various  wave-lengths,  are  necessary,  therefore  Table 
II  is  presented.  The  relative  energy-values  at  various  wave- 
lengths are  given  for  four  illuminants  which  represent  nearly  the 
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extremes  coiiiniDiily  encountered  from  the  viewpoint  of  color,  in 
the  last  column  are  presented  Nutting's  visibility  data.  There  is 
no  general  agreement  as  yet  among  investigators  regarding  the 
visibilitv   of   radiation   of   different    wave-lengths;   however,   the 


Table  II. 
Spectra^  Emr^y-Distrihutiou  in  Common  Illuminanls  and  th"  Visibilily  of  Radiation. 


Tungsten 

TunRsten 

^^clVC- 

(vacuum) 

vgas-filled) 

Visibility 

length 

Blue  sky 

Neon  sun 

incandes- 

incandes- 

of radia- 

cent lamp 

cent  lamp 

tion 

lumens 
1-9 

lumens 
22 

(Nutting) 

watt 

watt 

O.4OM 

170 

67 

9 

15 

.002 

41 

177 

72 

9-5 

16.5 

.003 

42 

181 

75 

10.5 

19 

.008 

43 

185 

79 

12 

23 

.012 

44 

186 

83 

15 

26.5 

.023 

45 

187 

84.3 

16.7 

30 

.038 

46 

185 

88 

20 

33-7 

.066 

47 

180 

91 

23-5 

38 

.105 

48 

173 

92 

27 

42.6 

•157 

49 

162 

92.5 

327 

47 

.227 

50 

157 

95 

37-5 

52 

•330 

51 

146 

96 

42.6 

56.5 

•477 

52 

140 

97 

49 

62 

.671 

53 

132 

98 

54-9 

67 

.835 

54 

127 

99 

62.1 

72.5 

•944 

55 

120 

99 

68.6 

78 

•995 

56 

115 

100 

76 

83 

•993 

57 

108 

100 

834 

88 

•944 

58 

104 

lOI 

91 

94 

.851 

59 

100 

100 

100 

100 

•  735 

60 

97 

100 

108 

105 

.605 

61 

93 

100 

117 

III 

.468 

62 

90 

99 

126 

116 

•342 

63 

87 

98.5 

136 

121.5 

.247 

64 

85 

98 

146 

126 

•  151 

65 

82 

97.1 

157 

131 

.094 

66 

80 

96 

167 

135 

.051 

67 

77 

95-5 

179 

140 

.028 

68 

76 

94 

189 

143        1 

.012 

69 

72.5 

93-5 

202 

1475 

.007 

70 

71 

91.7 

212 

151 

.002 

71 

69.6 

90 

223 

153-5 

.72 

68 

88 

235 

156 

data  of  Nutting  are  sufficiently  well  established  for  the  present 
purpose.  His  data  were  obtained  by  comparing  the  luminositv- 
values  of  known  amounts  of  radiant  energy  with  a  standard 
source  of  luminous  intensity  by  means  of  the  flicker  photometer. 
The  values  of  luminosity  were  then  reduced  to  a  uniform  or  equal- 
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energy  basis  and  are  then  termed  visibilities.  On  multiplying 
each  ordinate  of  a  spectral  energy-distribution  curve  of  an  illumi- 
nant,  ])igment,  dye,  etc.,  by  the  corresponding  value  of  visibility 
the  resultant  data  yield  the  spectral  luminosity-distribution  of  the 
illuminant,  pigment,  dye,  etc.  Thus  from  the  spectral  energy  and 
visibility  data  the  relative  spectral  luminosity-values  can  be  de- 
termined. On  integrating  the  areas  of  the  spectral  luminosity 
curves  the  relative  total  luminosity-values  of  colored  media  and 
of  illuminants  can  be  obtained,  and  by  dividing  the  area  of  one 

Fig.  2. 
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Spectral  reflection-factors  of  pigments. 

of  the  former  by  the  area  of  one  of  the  latter  the  reflection  factor 
of  the  particular  colored  medium  is  obtained  for  the  particular 
illuminant.  Thus  by  computation  the  reflection  factors  of  colored 
media  can  be  obtained  without  any  of  the  difficulties  and  uncer- 
tainties of  color-photometry,  for  these  have  been  involved  in  the 
determination  of  the  visibility  data.  Such  computations  are 
found  to  yield  results  quite  in  agreement  with  those  obtained  by 
direct  measurements  of  reflection  (or  transmission)  factor.  In 
fact,  this  method  appeals  very  strongly  to  the  author,  especially 
because  the  spectral  analyses  should  be  available  for  many  other 
reasons,  so  that  reflection  and  transmission  factors  would  be  by- 
products. 
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The  spectral  liiniinosity-distrihutions  of  the  visible  radiation 
reflected  from  pigments  whose  spectral  rellection- factor  distribu- 
tions are  shown  in  Figs.  2  and  3  and  in  Table  [  are  presented  in 
V\^s.  4  and  5.  These  may  also  be  considered  as  the  spectral  re- 
tlected  energy-distributions  for  an  imaginary  illuminant  of  uni- 
form spectral  energy-distribution.  Incidentally  the  light  from 
the  noonday  sun  approaches  this  ideal  fairly  closely,  as  seen  by 
Table  II,  for  in  this  table  the  energy-values  of  this  ideal  illumi- 
nant would  be  100  for  all  wave-lengths,  in  order  to  be  directly 
comparable  with  the  other  illuminants. 

Reflection  Factor. — In  order  to  cover  the  general  case  more 
accurately,  much  of  the  foregoing  discussion  will  be  expressed 
mathematically,  but,  for  the  sake  of  clearness,  reference  will  be 
made  to  these  various  curves  in  Fig.  6  for  a  specific  case. 

/  =  Spectral  energy-distribution  of  an  illu- 
minant (tungsten  filament  at  7.9 
lumens  per  watt). 

J^  —  Energ}^-value  of  the  illuminant  at  any 
wave-length,  A. 

y  =  Visibility  curve  (Nutting's  data). 

}{^  —  Visibility-value   for  energy  of  wave- 
length, A. 

L/  =  Spectral  luminosity-distribution  of  il- 
luminant /. 
P  =  Spectral   reflection- factor  distribution 
of     a     pigment      (light     chrome 
yellow  ) . 

R^  =  Reflection  factor  of  the  pigment  for 
energy  of  wave-length,  A. 

Lp  =  Spectral     luminosity-distribution     of 
radiation  reflected  by  the  pigment. 

For  X  —  0.52^,  ad  =  J\,  af  =  K\,  ae  =  R\,  ac  =  K\J\,  and 
ab  =  RxKxJx. 

/\ 
K\J\d\  =    Area  enclosed  by  L.j ,  which  is  proportional  to 
the  total  luminous  flux  E,  received  by  the  surface  be- 

^^ 

tween  hmits  A^  and  Ag,  hence  is  equal  to  CE  where  C  is  a  con- 
stant of  proportionality.  If  the  total  is  desired,  the  limits,  A^ 
and  Ao,  are  respectively  the  limits  of  the  visible  spectrum,  which 
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for  most  practical  cases  may  be  taken  as  0.4/'^  and  ().7/x,  although 
radiation  is  visible  considerably  beyond  these  limits. 

RxK\J\d^  "  Area  enclosed  by  Lp,  which  is  proportional  to 
the  total  himinous  flux  E\  reflected  by  Uie  surface  (pig- 

ment  P),  and  is  equal  to  CE\ 

If  energy  is  of  interest  instead  of  luminosity,  A\  is  eliminated 
and  the  limiting  wave-lengths  A^  and  A.^  are  given  the  desired 
values. 


/ 


RxKJ^d^ 


"I  E^ 

— ;^^ =  -pT   -  R=  the  reflection  factor  of  the  pigment 

yP  for  the  illuminant  I^  and  Aj  and  A^  are 
K\Jd\^  respectively  the  wave-lengths  at  the  limits 

\  of  the  visible  spectrum.    These  limits  could 

be  expressed  as  o  and  00  without  changing 
the  result,  because  beyond  the  visible  spectrum  K  ^  is  zero. 

Many  useful  data  can  be  obtained  by  such  computations  when 
the  spectral  energy-distributions  of  pigments  and  of  illuminants 
are  available.  These  computations  can  be  made  for  a  sufficient 
number  of  wave-lengths  throughout  the  spectrum,  and  the  rela- 
tive values  of  the  integrals  can  be  obtained  by  means  of  a  planim- 
eter  from  the  plotted  curves  or  more  readily  by  summating  the 
computed  values. 

Similar  computations  have  been  made  for  the  group  of  pig- 
ments already  introduced  for  four  illuminants,  including  the 
ideal  having  a  uniform  spectral  energy-distribution.  These  values 
are  presented  in  Table  III  and  Fig.  7.  The  values  are  given  to 
the  third  decimal  place,  not  with  the  belief  that  the  absolute 
values  are  determined  with  such  accuracy,  but  to  show  the  differ- 
ences as  accurately  as  possible  obtained  by  this  method  of  com- 
putation. The  relative  values  are  perhaps  accurate  to  the  third 
place.  It  is  seen  that  the  reflection  factor  for  a  given  pigment  is 
not  constant,^  but  varies  with  the  illuminant.  This  is  a  point  not 
generally  appreciated,  and,  inasmuch  as  this  difference  exists,  the 
suggestion  is  made  that,  for  general  purposes,  reflection  factors 
be  given  for  an  illuminant  of  uniform  spectral  energy-distribu- 

'  M,   Luckiesh,  "  Color  and   Its  Applications,"   1915. 
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tion.      In  cases  of  direct  nieasureiiient  of  these  factors  the  clear 

noonday  sun  sufficiently  approaches  the  ideal,  as  will  be  shown 

shortly.     In  cases  where  other  illuminants  are  used  these  should 

be  specified.     For  direct  measurement  the  Xutting  refiectometer 

is  an  excellent   instrument   for  most  cases,   although   a   fiicker- 

photometer  attachment  would  he  helpful  in  the  case  of  colored 

pigments. 

Table  III. 

Absolute  and  Relative  Total  Reflection  Factors  of  Pondered  Pigments  for  \'arious 

Illuminants. 


1 

Absolute 

Uni- 
form 
energy- 
spec- 
trum 

Noon 
sun 

Tungsten 
Blue       filament 
sk>'       ,  0  lumens 
watt 

Relative 


Uni- 
form 
energy 
spec- 
trum 


Noon 
sun 


Blue 
sky 


Tungsten 
filament 
lumens 

watt 


American  vermilion  0.137 

Venetian  red 106 

Tuscan  red 107 

Indian  red C99 

Burnt  sienna 105 

Raw  sienna 324 

Golden  ochre 578 

Chrome   yellow 

ochre .328 

Yellow  ochre 486 

Chrome   yellow 

(medium) 

Chrome   vellow 

(Hghtj..: 

Chrome   green 

(Hght) 

Chrome   green 

(medium  j 

Cobalt  blue 

Ultramarine  blue. 


0.137 
.106 
.107 
.099 
.ic6 
.326 
.581 

•33 
.488 


•542 

•545 

.76 

.765 

.19 

.194 

.136 

.166 
.08 

.136 
.162 

.074 

117 

095 

lOI 

092 

093 
303 

548 

289 

46 


O.I  17 

•131 

.12 

.112 

.127 

.366 

•634 

.404 

•534 


1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 

1. 00 
1. 00 


0.99 

0. 

1. 00 

. 

1. 00 

1. 00 

, 

I.OI 

. 

1. 01 

. 

I.OI 

. 

1. 00 

. 

I.OI 

496      .63 


19 
142 

183 

095 


.1 


/.") 


.12 
•13 
•057 


1. 00 

I.OI 

1. 00 

I.OI 

1. 00 

1. 00 

1. 00 

1. 00 

1. 00 

.98 

1. 00 

■93 

86 
90 

95 
93 
89 

94 

96 

91 
95 

.92 


•92 

1^03 

I  •OS 
1. 10 
1. 19 


1.29 

I  23 
1. 12 

113 
1. 19 

I-I3 

1. 10 

1.24 

1. 11 

1. 16 

1.08 

•93 

.88 
•79 
•71 


The  measurement  of  retiection  factor  directly  is  by  no  mean? 
standardized,  and  in  the  case  of  colored  pigments  this  measure- 
ment is  attended  with  many  difficulties,  such  as  the  distribution 
of  luminous  flux  upon  the  surface,  its  angular  position  with  re- 
spect to  the  photometer,  color-photometry,  etc.  A  discussion  of 
this  has  been  presented  elsewhere.^ 

In  Table  III  the  relative  reflection  factors  of  each  pigment  by 
itself  for  the  four  illuminants  are  presented,  that  for  the  uniform 
energ}'-spectrum  being  taken  as  unity.     This  gives  a  better  idea 
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of  the  iiiai^niitude  of  the  variation  of  the  reflection  factor  with 
the  spectral  character  of  the  illuminant.  These  values  are  plotted 
in  Imj^.  S,  and,  as  would  be  expected,  the  red  and  yellow  pigments 

Fig.  7. 
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Reflection-factors  of  pigments. 


Fig.  8. 
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Relative  reflection-factors  of  pigments. 


show  relatively  greater  reflection  factors  for  tungsten  light  than 
for  blue  skylight,  with  the  values  for  sunlight  (circles)  lying  be- 
tween.    It  is  interesting  to  note  the  proximity  of  the  circles  to 
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unity,  which  represents  the  relative  vahie  of  retlectinn  factor  in 
each  case  for  the  ideal  illuminant  havin*^^  a  unif(jrni  spectral 
energy-distribution. 

The  effect  of  the  illuminant  uiK)n  the  api)earance  of  the  color 
is  shown  in  Fi^::.  9,  usini^,  for  example,  ultramarine  hlue.  whose 
spectral  energy-distribution  is  shown.  The  spectral  luminositv- 
distributions  of  this  pigment  for  the  different  illuminants  have 
l)een  computed  for  equal  total  amount  of  reflected  light  (en- 
closed areas  equal).  Thus  an  idea  of  the  appearance  of  the 
color  can  be  formed,  or,  conversely,  the  reason  for  these  different 
appearances  under  the  three  illuminants  is  manifest.     Incident- 

FlG.  9. 


a40uj 


.44^ 


^ 


^  .^  jio 


Jb4 


-6a 


.72 


Influence  of  the  illuminant  on  the  appearance  of  ultramarine  pigment. 


ally  it  is  seen  that  this  particular  pigment  is  of  a  purer  color  under 
blue  skylight  than  under  either  of  the  other  illuminants.  The 
wave-length  of  maximum  luminosity  is  0.495/tA  and  0.54/x,  re- 
spectively, for  the  skylight  and  tungsten  light.  This  wave-length 
of  maximum  luminosity  is  not  necessarily  the  dominant  hue  of 
the  color  as  analyzed  by  the  eye  or  by  the  monochromatic  colorim- 
eter, although  these  are  often  nearly  coincident. 


9-2  Al.    J.L'CKlESll.  [J-  F.  1- 

SPECTRAL    ANALYSES    OF    DYE-SOLUTIONS. 

The  niixlure  of  dyes  is  governed  by  the  same  subtractive  prin- 
ciples of  color-mixture  as  the  mixture  of  pi<(ments,  although  the 
i^reater  number  of  dyes  and  the  more  exactin^^  or  delicate  appli- 
cations of  dyes  in  industries,  in  the  making  of  accurate  filters,  etc., 
make  their  spectral  analyses  of  perhaps  more  importance  than  in 
the  case  of  pigments.  Certainly  a  knowledge  of  the  spectral  char- 
acteristics of  dyes,  as  in  the  case  of  pigments,  makes  for  an  ease 
and  certainty  in  making  and  in  visualizing  mixtures  which  cannot 
be  enjoyed  without  such  data.  It  is  beyond  the  scope  of  this 
paper  to  present  a  complete  discussion  of  the  usefulness  of  s]ycc- 
tral  analyses  of  dyes  or  to  present  the  spectral  analyses  of  all  the 
dyes  available ;  however,  a  few  representative  analyses  of  dyes 
most  common  and  perhaps  most  reproducible  should  be  of  value. 
These  are  presented  in  the  following  tables,  roughly  classified 
as  to  color.  The  highest  accuracy  is  not  claimed  for  these  data, 
because  it  does  not  appear  worth  the  efifort  necessary  and  be- 
cause there  is  no  indication  that  these  dyes  are,  in  general,  con- 
stant in  spectral  characteristics  as  obtained  from  time  to  time  in 
the  market.  For  the  same  reason  it  has  not  been  considered 
necessary  to  give  values  of  concentration.  From  the  data  pre- 
sented in  the  tables  it  is  possible  to  obtain  an  idea  of  the  spectral 
characteristic  of  a  given  dye-solution  for  any  depth  of  the  par- 
ticular concentration  employed  and  also  for  any  relative  value  of 
concentration.  In  other  words,  from  the  data  in  the  tables  and 
the  discussion  which  follows  it  is  possible  to  be  guided  in  the 
selection  of  dyes  for  many  purposes.  The  data  for  the  regions 
near  the  ends  of  the  various  spectra  are  uncertain  to  several  per 
cent.  For  the  study  of  a  dye-solution  throughout  an  entire  range 
of  depth  and  concentration  by  the  method  described  later  the 
spectral  analysis  should  be  obtained  as  accurately  as  possible.  The 
present  data  on  dyes  were  obtained  by  means  of  a  spectropho- 
tometer, the  procedure  being  such  as  to  eliminate  all  errors  pos- 
sible wnth  the  exception  of  the  uncertainty  naturally  attending  a 
limited  number  of  observations  and  that  due  to  ever-present  scat- 
tered light.  In  all  cases  where  not  indicated  otherwise  the  sol- 
vent w^as  distilled  water.  The  dyes  w^ere  obtained  from  vari- 
ous well-known  commercial  sources.  Among  the  solutions  will 
be  found  a  few  solutions  of  metallic  salts  w^hich  are  incorporated 
for  their  usefulness  as  filters.     All  data  have  been  corrected  for 


July.  u)i7.l    TmsK  \i.    r^Asis  ui-   Color  'ri:c;nN()L()(;v, 


93 


surface  reflections  and  for  the  absorption  of  the  glass  cell  by  the 
method  of  substitution. 

In  Table  IV  are  presented  the  spectral  analyses  of  a  nunil)er 
of  dye-solutions  commonly  classed  as  red.  although  manv  are 
purple.  The  sharpness  of  the  absorption  or  transinis.sion  bands 
is  readily  visualized  from  the  data,  although  it  is  of  advantage  to 
plot  the  data  in  many  cases.  There  are  some  excellently  sharp 
bands  shown;  for  example,  that  of  eosine  of  moderate  concen- 
tration. In  some  cases  spectral  analyses  for  two  concentrations 
have  l)€en  presented. 

In  Table  \'  spectral  analyses  of  a  number  of  vellows  are  pre- 
sented. It  is  noteworthy  that  there  is  no  known  dye  which 
transmits  only  a  narrow  region  near  spectral  vellow.  The  value 
of  sharp  absorption  bands  is  seen  when  a  fairly  monochromatic 
filter  is  desired.  For  instance,  a  yellowish-green  dve  with  a  sharp 
cut-off  on  the  long-wave  side  combined  wnth  a  greenish-yellow 
dye  with  a  sharp  cut-off  on  the  short-wave  side  will  yield  a  fairlv 
monochromatic  green  filter.  Some  of  the  dyes  fluoresce,  which 
from  the  point  of  view  of  color  alone  is  of  considerable  interest. 
Fluorescein  and  uranine  are  among  the  many  which  fluoresce 
strikingly.  It  is  interesting  to  study  these  by  projecting  a  spec- 
trum upon  their  upper  liquid  surface  and  by  viewing  the  result 
both  from  above  and  from  the  side.  The  si>ectral  analyses  of 
potassium  bichromate  and  cobalt  chromate  are  included. 

Among  the  greens  in  Table  Yl  are  a  number  of  dichroics.  In 
fact,  a  very  common  characteristic  of  green  dyes  is  the  exhibition 
of  dichromatism.  This  can  readily  be  ascertained  by  noting  the 
energ}'-spectrum  or  spectral  transmission  characteristic  of  one  of 
these  dyes.  If  the  transmission  factor  for  red,  say  o.y/JL,  is  in  any 
one  case  greater  than  that  for  any  wave-length  in  the  other  re- 
gions of  the  spectrum  (in  the  green  for  so-called  green  dyes), 
the  solution  at  great  depths  or  concentrations  will  appear  red  and 
therefore  will  be  a  dichroic.  Naphthol  green  is  an  excellent  yel- 
lowish-green dye.  Among  the  greens  presented,  malachite,  saiir- 
griin,  methylengriui,  and  neptune  green  exhibit  dichromatism. 

(To   be   continued.) 
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Tinning  Cast-iron.  Anon.  (La  Chroniqiie  Industricllc,  vol. 
40,  No.  J91,  p.  I  J,  May  2,  191 7.) — For  household  utensils  only  pure 
tin  should  be  employed,  and  not  tin  and  lead,  as  the  latter  forms 
poisonous  salts  with  the  acids  of  food  products.  To  insure  adhesion 
of  the  tin,  the  iron  should  be  treated  to  remove  the  carbon,  or 
otherwise  it  should  be  [)olished  by  mechanical  means.  To  remove 
the  carbon,  the  iron  is  coated  with  a  layer  of  oxide  of  iron  or 
mant^anese,  or  else  the  iron  is  enclosed  in  a  box  with  the  oxide  and 
maintained  at  a  high  temperature  to  burn  out  the  carbon.  After 
four  to  six  hours  the  iron  is  sufficiently  decarbonized  to  permit  the 
adhesion  of  the  tin. 

After  this  procedure  the  iron  is  cleaned  with  dilute  sulphuric 
acid  to  which  is  added  a  small  amount  of  blue  vitriol.  The  iron  is 
then  immersed  in  molten  tin;  or,  if  the  interior  of  a  vessel  is  to  be 
coated,  molten  tin  with  a  little  sal  ammoniac  is  vigorously  rubbed 
over  the  surface.  It  is  preferable  to  heat  the  iron  before  applying 
the  tin ;  and  this  must  be  done  with  care,  otherwise  the  surface 
will  be  oxidized  and  impair  the  adhesion  of  the  tin. 

Tendencies  of  Motor  Application.  W.  L.  Merrill.  {General 
Electric  Review,  vol.  xx,  No.  6,  p.  445,  June,  1917.) — The  first  com- 
mercial use  of  electricity  was  in  the  field  of  lighting,  next  came 
railroading,  while  its  use  for  industrial  and  power  purposes  has  been 
a  more  recent  development.  Some  of  the  first  motor-drive  installa- 
tions made  were  replacements  of  steam  engines ;  and  in  some  cases 
the  engine  was  left  intact,  so  that  if  trouble  developed  with  the 
new  drive  the  original  method  could  be  resorted  to.  With  the  first 
installations  of  electric  drive  there  became  available  a  method  of 
more  conveniently  measuring  power  than  had  been  possible  here- 
tofore. With  the  old  methods  of  steam  drive,  the  charge  was  not 
segregated,  the  power  being  so  interwoven  with  the  general  factory 
charges  that  very  little  was  known  of  the  actual  cost  of  power 
delivered. 

The  next  step  in  the  application  of  motors  was  to  divide  mills 
or  shops  into  several  groups,  which  might  be  termed  the  semi-group 
drive.  This  eliminated  some  of  the  heavy  belting  and  shafting  main- 
tenance ;  and  from  a  review  of  conditions  at  that  time  it  seemed  that 
ultimate  economics  had  been  reached.  Later,  however,  tests  and 
data  indicated  that  in  a  great  many  industries  it  was  advantageous 
to  still  further  divide  the  units  of  the  drive.  This  consisted  in 
driving  with  one  motor  a  group  of  machines  that  work  the  same 
hours  on  the  same  product. 

In  certain  classes  of  machines  it  has  been  the  practice  to  employ 
the  individual  motor-drive,  sometimes  belted,  sometimes  geared,  and, 
again,  direct  connected.  Latterly,  motors  "  built  in  "  as  an  integral 
part  of  the  machine  drive  have  shown  distinct  advantages  over  the 
use  of  a  separate  standard  motor,  and  the  manufacture  of  many 
types  of  machines  with  self-contained  electric  drive  seems  to  be 
rapidly  gaining  in  favor. 


PRESENTATION   OF  THE  FRANKLIN   MEDAL. 

MAY   i6,  1917. 

At  the  Stated  Meeting  of  the  Committee  on  Science  and  the 
Arts,  held  March  7,  1917,  the  f()ll<>\vinj^  resohitions  were  adopted: 

"Resolved,  'Iliat  Ilie  Franklin  Medal  be  awarded  to  Hcndrik  Antoon 
Lorentz,  President.  Royal  Academy  of  Sciences,  Amsterdam,  Professor  of 
Theoretical  and  Mathematical  Physics  in  the  University  of  Leiden,  in  recog- 
nition of  his  researches  which  have  so  largely  contributed  to  laying  on  a 
new  foundation  our  knowledge  of  the  nature  of  light  and  in  developing 
our  ideas  concerning  the  ultimate  constitution  of  matter." 

"  Resolved,  That  The  Franklin  Medal  be  awarded  to  David  Watson 
Taylor,  Chief  Constructor  and  Chief  of  Bureau  of  Construction  and  Re- 
pair, U.  S.  Navy,  in  recognition  of  his  fundamental  contributions  to  the 
theory  of  ship  resistance  and  screw  propulsion,  and  of  his  signal  success 
in  the  application  of  correct  theory  to  the  practical  design  of  varied  types 
of    war   vessels    in    the   United    States    Xavv." 


CORRESPONDENCE  WITH  MEDALLISTS. 

The  Franklin   Lnstitute 

of  the  state  of  pennsylvania 

Philadelphia 

Professor  Hendrik  Antoon  Lorentc,  President, 
Royal  Academy  of  Sciences, 
Amsterdam,  Holland. 

April  12,  1917. 

Sir  : 

I  have  the  honour  to  inform  you  that  The  Franklin  Institute  has  awarded 
you   The    Franklin    Medal,    founded    for    the    recognition    of   those    workers 
in  physical  science  or  technology,  without  regard  to  country,  whose  efforts 
in  the  opinion  of  the  Institute  have  done  most  to  advance  a  knowledge  of 
physical  science  or  its  applications.     The  award  is  minuted  as   follows: 
"  That    The    Franklin    Medal    be    awarded    to    Hendrik    Antoon 
Lorentz,    President,   Royal   Academy  of    Sciences,   Amsterdam,    Pro- 
fessor of  Theoretical  and  Mathematical  Physics  in  the  University  of 
Leiden,  in  recognition  of  his  researches  which  have  so  largely  con- 
tributed to  laying  on  a  new  foundation  our  knowledge  of  the  nature 
of  light  and  in  developing  our  ideas  concerning  the  ultimate  constitu- 
tion of  matter."' 

The  medal  and  accompanying  certificate  are  being  prepared  and  Chevalier 
W.  L.  F.  C.  van  Rappard,  your  Government's   Minister  at  Washington,  has 
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been  requested  to  come  to  the  Institute  on  the  afternoon  of  Wednesday,  May 
16,  to  receive  this  medal  and  certificate,  on  behalf  of  his  Government, 
for  you. 

I   am, 

Respectfully, 

(Signed)   R.   B.  Owens, 
Secretary. 
RBO:S  

The  F'ranklin   Institute 

of  the  state  of  pexxs  vlva  n'l  a 

Philadelphia 

March  22,  1917. 
Chevalier  IV.  L.  F.  C.  van  Rappard, 
Envoy  Extraordinary  and  Minister 
Plenipotentiary  of  Her  Majesty, 
the  Queen  of  the  Netherlands. 
Your   Excellency  : 

I  have  the  honour  to  inform  you  that  The  Franklin  Institute  has  awarded 
to  Prof.  Hendrik  Antoon  Lorentz,  Professor  of  Mathematical  Physics, 
University  of  Leiden,  Leiden,  Holland,  The  Franklin  Medal,  founded  for 
the  recognition  of  those  workers  in  physical  science  or  technology,  without 
regard  to  country,  whose  efforts,  in  the  opinion  of  the  Institute,  have  done 
most  to  advance  a  knowledge  of  physical  science  or  its  applications. 
The  award  is  minuted  as  follows  : 

"  That  The  Franklin  Medal  be  awarded  to  Hendrik  Antoon 
Lorentz,  President,  Royal  Academy  of  Sciences,  Amsterdam,  Pro- 
fessor of  Theoretical  and  Mathematical  Physics  in  the  University 
of  Leiden,  in  recognition  of  his  researches  which  have  so  largely  con- 
tributed to  laying  on  a  new  foundation  our  knowledge  of  the  nature 
of  light  and  in  developing  our  ideas  concerning  the  ultimate  constitu- 
tion of  matter." 

The  medal  and  accompanying  certificate  are  being  prepared,  and  I 
am  requested,  on  behalf  of  our  management,  to  extend  to  you  a  cordial 
invitation  to  come  to  the  Institute  on  Wednesday,  May  16,  to  receive  this 
medal  and  certificate  from  our  President,  on  behalf  of  your  Government, 
for    Professor    Lorentz. 

Two  Franklin  Medals  have  been  struck  this  year,  one  going  to  Professor 
Lorentz,  and  one  to  Admiral  D.  W.  Taylor,  Chief  Constructor  and  Chief  of 
Bureau  of  Construction  and  Repair.  L^nited  States   Navy. 

You   and   Admiral   Taylor   will   be   asked   to   be  guests   of   honour  at  a 
dinner    following    the    presentation    ceremonies,    which    will    probably    occur 
at  4  P.M.,  but  in  this  connection  our  President,  Dr.  Walton  Clark,  will  com- 
municate  further  with  you. 
I  am 

Your  Excellency's  very  humble  servant. 

(Signed)   R.  B.  Owens, 
RBO:S  Secretary. 
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Washington,  23  March,  1917. 


KONINKI.YK    GeZANTSCHAP 

Der  Nederlanden 


^'o.  1333 

My   Dear   Mr.    Secretary: 

I  am  in  receipt  of  your  courteous  note  of  the  2211(1  instant  communi- 
cating to  me  the  great  honor  which  Tlie  Franklin  Institute  has  bestowed 
upon  my  countryman,  Professor  Hcndrik  Antoon  Lorentz,  of  l^iden, 
by  awarding  to  him  The  Franklin  Medal  for  his  work  in  the  field  of 
physical   science. 

I  shall  consider  it,  my  dear  Mr.  Secretary,  a  privilege  to  receive  this 
medal  and  certificate  on  behalf  of  my  Government  for  Professor  Lorentz 
from  the  President  of  the  Institute  on  Wednesday,  May  16,  in  the  Institute's 
Building. 

Very  sincerely  yours, 

(Signed)     W.  L.  F.  C.    v.   Rappard. 
The  Secretary  of  The  Franklin  Institute, 
Philadelphia,    Pa. 


The  Franklin  Institute 
of  the  state  of  pennsylvania 
Philadelphia 
D.  W.  Taylor,  Chief  Constructor  and  March  13,  191 7. 

Chief  of  Bureau  of  Construction  and 
Repair,  U.  S.  Navy, 
Navy  Department, 

Washington,  D.   C. 
Sir  : 

I  have  the  honour  to  inform  you  that  The  Franklin  Institute  has  awarded 
you    The   Franklin    Medal,    founded    for    the   recognition    of    those    workers 
in  physical  science  or  technology,  without  regard  to  country,  whose  efforts, 
in  the  opinion   of   the   Institute,   have   done   most   to   advance  a   knowledge 
of  physical  science  or  its  applications.  The  award  is  minuted  as  follows : 
"That  The  Franklin  Medal  be  awarded  to  David  Watson  Taylor, 
Chief  Constructor  and  Chief  of  Bureau  of  Construction  and  Repair, 
U.   S.  Navy,  in  recognition  of  his  fundamental  contributions  to  the 
theory   of  ship    resistance   and    screw  propulsion,  and   of   his    signal 
success  in  the  application  of  correct  theory  to  the  practical   design 
of  varied  types  of   war  vessels  in  the  United   States   Navy." 
The    medal    and    accompanying    certificate    are    being   prepared,    and    I 
am   requested,   on  behalf   of   our   management,    to   extend   to  you   a   cordial 
invitation  to  come  to  the  Institute  on  Wednesday,  May  16.  to  receive  this 
medal  and  certificate  from  our  President. 

I  am, 

Respectfully, 

(Signed)  R.  B.  Owens, 
RBO:S  .  Secretary. 
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Bureau  of  Construction  and  Repair, 

NAVV     DKl'ARTMKNT 

Washington,    I).   C. 
Pr.  R.  B.  Owens.  March    16,    1917. 

Secretary,  The  I'rauklin  Institute, 
Philadelphia,  Pa. 
Sir  : 

I  have  the  honour  to  acknowledge  tlie  receipt  of  your  communication 
of  March  13,  1917,  advising  me  that  The  Frankhn  Institute  had  made  an 
award  to  me  of  The  Franklin  Medal. 

Allow  me  to  express  my  deep  appreciation  of  the  very  great  honor 
conferred  upon  me  by  the  Institute  through  this  award. 

It  gives  me  great   pleasure  to  accept   the   very   cordial  invitation   which 
you  have  extended  to  me,  to  come  to  the  Institute  on  Wednesday,  May  16, 
to  receive  this  medal  and  certificate   from   your   President, 
I    remain, 

Very  sincerely  yours. 
'  (Signed)   D.   W.  Taylor. 

Chief  Constructor,  U.  S.  N. 


PROGRAMME  OF  MEETING,  MAY  16,  1917. 

Presentation  of  The  Franklin  Medal  to  His  Excellency  Chevalier  Van 
Rappard,  on  behalf  of  the  Royal  Netherlands  Government,  for 
Hendrik  Antoon  Lorentz,  Ph.D.,  F.R.S.,  President,  Royal 
Academy  of  Sciences,  Amsterdam ;  Professor  of  Mathematical 
Physics,  University  of  Leiden. 

Presentation  of  The  Franklin  Medal  to  David  Watson  Taylor, 
D.Eng.,  Chief  Constructor,  Chief  of  Bureau  of  Construction  and 
Repair,  United  States  Navy. 

Address  by  Admiral  David  Watson  Taylor,  "  The  Science  of  Naval 
Architecture." 


PRESENTATION   OF   THE   FRANKLIN    MEDAL   TO    DOCTORS 

HENDRIK  ANTOON  LORENTZ  AND 

DAVID   WATSON    TAYLOR. 

In  calling  the  meeting  to  order  the  President  of  the  Institute 
announced  that  the  business  of  the  meeting  would  be  the  annual 
presentation  of  the  Institute's  highest  award,  The  Franklin 
Medal,  in  recognition  of  distinguished  scientific  and  technical 
achievement,  and  recognized  Dr.  Harry  F.  Keller,  who  made  the 
following  statement  relative  to  the  work  of  Doctor  Lorentz : 

Mr.  President:  In  the  choice  of  the  two  eminent  scientists 
who,  in  its  opinion,  should  be  recognized  this  year  by  the  award  of 
The  Franklin  Medal,  the  Committee  on  Science  and  the  Arts 
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was  proiiiplcd  1)\  a  desire  to  emphasize  particularly  two  of  the 
provisions  in  the  deed  of  ^'\ii  of  the  founder  of  the  medal,  Samuel 
Iiisull,  Escj.  They  stipulate  that  this  hi«^hest  award  within  the 
gift  of  the  Institute  should  be  bestowed  without  regard  to  the 
nationality  of  the  recipient,  and  that  it  should  l)e  available  for 
the  recognition  of  highest  achievements  both  in  pure  science  and 
in  its  applications.  It  should  be  noted,  however,  that  when  the 
committee  submitted  its  report  to  the  Institute  the  existence 
of  a  state  of  war  between  our  country  and  the  German  Empire 
had  not  been  declared  by  our  Government,  and  that,  in  view  of 
this  fact,  the  committee  could  not  have  been  influenced  in  its 
recommendations  by  any  political  considerations  other  than  this : 
that,  so  long  as  this  country  remained  neutral,  these  awards  should 
go  only  to  citizens  of  countries  not  actively  engaged  in  the  Euro- 
pean conflict. 

In  these  circumstances,  it  is  most  gratifying  to  us  that  the 
committee's  action  not  only  required  no  revision  under  the 
changed  conditions,  but  that,  on  the  contrary,  it  appears  all  the 
more  felicitous  because  of  them.  For  the  medallist  who  repre- 
sents the  purely  scientific  side  of  physics  is  a  native  and  citizen 
of  the  same  friendly  country  as  the  only  foreign  savant  upon 
whom  this  distinction  has  hitherto  been  conferred ;  while  the 
other  recipient  of  the  medal  is  a  man  of  pure  American  stock 
who  has  devoted  his  life  to  achievements  of  the  first  magnitude 
in  connection  w-ith  the  defence  of  our  country  and  the  develop- 
ment of  its  navy. 

The  eminent  scientists  to  whom  we  are  about  to  pay  this 
tribute  both  achieved  their  great  successes  very  largely  by  virtue 
of  their  extraordinary  command  of  higher  mathematics,  and, 
being  myself  but  a  tyro  in  the  science  of  quantities,  it  is  not 
without  some  trepidation,  though  with  a  vivid  sense  of  the  privi- 
lege accorded  to  me,  that  I  venture  upon  a  brief  appreciation  of 
their  labors,  and  that  I  present  to  you,  Mr.  President,  the  dis- 
tinguished guests  of  the  Institute  who  are  to  accept  the  medals 
from  your  hands. 

Under  the  title  ''  Traite  de  la  Lumiere  "  the  celebrated  Dutch 
physicist  and  astronomer,  Christian  Huyghens,  published  in  1690, 
in  the  town  of  Leiden,  one  of  the  greatest  classics  of  science, 
in  which  he  propounded  and  developed  the  wave  theorv  of  light. 
For  more  than  a  centurv  this  hypothesis  made  little  headway 
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a^^ainst  the  corpuscular  theory  enunciated  by  Jluyghens'  great 
contemporary,  Sir  Isaac  Newton,  but  at  the  beginning  of  the 
nineteenth  century  the  discoveries  of  Young  and  Fresnel  paved 
the  way  for  its  general  acceptance  in  a  niodilied  and  extended 
form.  In  our  own  time,  however,  this  conception  that  light 
consists  in  a  wave  motion  of  the  ether  has  again  been  superseded 
by  another,  known  as  the  electro-magnetic  theory  of  light,  first 
proposed  by  Clerk  Maxwell,  and  our  present  ideas  on  the  nature 
of  light,  and  of  electricity  and  radiant  heat  as  well,  have  been 
given  their  present  form  by  the  master  mind  of  another  great 
physicist  of  Holland,  whose  work  also  was  made  known  to  the 
world  from  the  town  of  Leiden. 

It  is  to  him  that  The  Franklin  Medal  for  highest  achieve- 
ments in  physical  science  is  awarded  for  this  year.  Like  the 
lives  of  other  great  mathematicians  and  philosophers,  the  career 
of  Hendrik  Antoon  Lorentz  has  been  devoid  of  picturesque  and 
dramatic  incidents;  its  story  is  one  of  single-minded  devotion  to 
the  advancement  of  knowledge  in  the  still  atmosphere  of  a  small 
university  town.  The  Who's  Whos  in  Science,  w^hile  presenting 
long  lists  of  his  achievements  and  publications,  give  but  a  few 
meagre  data  concerning  his  life.  From  these  we  gather  that 
he  was  born  July  i8,  1853,  at  Arnheim,  the  capital  of  Gelder- 
land,  and  that  he  received  his  university  training  at  Leiden, 
where  he  took  the  -degree  of  Doctor  of  Philosophy  in  1875. 
After  teaching  a  few  years  in  the  public  evening  school  of  his 
native  town,  he  was  called  to  the  chair  of  Mathematical  and 
Theoretical  Physics  in  Leiden  University  in  1878.  At  the  same 
time  his  no  less  eminent  colleague,  Prof.  H.  Kammerlingh  Onnes, 
was  elected  to  the  professorship  of  Experimental  Physics,  and 
it  is  due  to  these  two  intellectual  giants,  working  in  harmony,  and 
each  one  supplementing  and  fructifying  the  labors  of  the  other, 
that  this  university  has  become  one  of  the  world's  great  centers 
of  physical  research.  A  great  number  of  the  noted  physicists  of 
this  generation  have  received  their  training  and  inspiration  from 
these  men,  and  not  a  few  of  the  great  discoveries  and  achieve- 
ments in  physical  science  can  be  traced  to  their  joint  activities. 

The  investigations  of  H.  A.  Lorentz  extend  over  practically 
all  provinces  of  physical  science,  but,  as  has  already  been  in- 
dicated, his  most  important  achievements  are  in  the  fields  of  light 
and  electricity,  and  in  the  study  of  the  ultimate  constitution  of 
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niatler.  He  has  published  a  lung  series  of  researches  on  optic 
phenomena  under  the  most  varied  conditions,  and  it  is  chietiy  to 
him  that  we  owe  the  form  in  which  the  electro- magnetic  theory 
has  gained  universal  acceptance.  His  contributioiLs  on  the  struc- 
ture of  the  elemental  atoms  and  the  nature  of  electrons  rank  with 
those  of  such  investigators  as  J.  J.  Thompson  and  E.  Rutherford, 
and  his  brilliant  and  satisfying  explanation  of  the  Zeenian  effect 
led  to  most  remarkable  discoveries  by  American  astronomers 
in  connection  with  sun  six)ts,  which  showed  these  to  be  electric 
cyclones,  and  thus  oi>ened  up  new^  fields  to  solar  and  stellar 
research. 

His  lucid  discussion  of  the  positive  and  negative  electrons 
is  still  fresh  in  the  memory  of  those  of  us  who  were  present  at 
the  Franklin  Bicentenary,  held  in  this  city  in  1906,  when  he 
came  here  with  his  daughter  to  bring  the  greetings  of  the  Dutch 
Academy  of  Sciences  to  the  American  Philosophical  Society,  and 
to  deliver  a  course  of  lectures  at  Columbia  University.  Quite 
a  numl)er  of  books  published  by  Professor  Lorentz  are  recognized 
as  the  standard  works  on  the  subjects  treated.  He  has  been 
honored  by  the  leading  learned  societies  of  the  world  by  being 
elected  an  honorary  or  corresponding  member.  He  is  president 
of  the  Dutch  Academy.  In  1902  he  was  signally  honored  by  the 
award  of  the  Xobel  Prize  in  Physics. 

And  now,  ^Ir.  President,  this  venerable  Institute  of  ours  de- 
lights in  joining  in  this  universal  tribute  to  the  vast  achievements 
of  the  majestic  intellect  of  Hendrik  Antoon  Lorentz.  For  reasons 
w^hich  require  no  explanation  he  cannot  be  with  us  to  receive 
The  Franklin  Medal  from  your  hands,  but  w^e  are  honored  by 
the  presence  of  the  distinguished  Ambassador  of  the  Royal 
Netherlands  Government  who,  as  we  so  pleasantly  remember, 
came  here  two  years  ago  to  accept,  on  behalf  of  his  Government, 
The  Franklin  Medal  that  was  then  aw^arded  to  Professor  H. 
Kammerlingh  Onnes,  and  who  will  now  be  pleased  to  receive 
from  you  the  medal  for  Professor  Lorentz.  I  have  the  honor  to 
present  to  you  His  Excellency,  Chevalier  W.  L.  F.  C.  van  Rap- 
pard,  Ambassador  of  the  Royal  Netherlands  Government. 

The  President,  in  presenting  The  Franklin  Medal  to  Chevalier 
van  Rappard,  said : 

Your  Excellency:  For  the  second  time  wnthin  your  term  as 
Ambassador  to  the  United  States  the  work  of  a   Netherlands 
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scientist  has  conimeiuled  itself  to  The  Frankhn  institute  as  worthy 
of  the  highest  honor  in  the  gift  of  the  Institute.  Therefore,  for 
the  second  time,  it  is  my  pleasure  and  my  honor  to  entrust  to  you 
The  Franklin  Medal  for  transmission,  through  the  State  Depart- 
ment of  your  gracious  Oueen,  to  one  of  her  subjects,  the  medallist 
in  this  instance  being  Professor  Hendrik  Antoon  Lorentz, 
President  of  the  Royal  Academy  of  Sciences  of  Amsterdam. 

In  accepting  the  medal  for  Doctor  Lorentz,  Chevalier  van 
Rappard  said : 

Mr.  President,  Members  of  The  Franklin  histitute  of  the 
State  of  Pemisylvania,  Ladies  and  Gentlemen:  For  the  second 
time  the  great  honor  has  been  conferred  upon  me  to  accept,  in 
the  name  of  my  Government,  The  Franklin  Medal  on  behalf 
of  one  of  my  most  distinguished  countrymen.  This  fills  me  with 
joy  and  pride.  It  is  most  gratifying  to  me,  as  the  representative 
of  the  Netherlands,  to  see  in  this  new  appreciation  of  the  science 
and  of  the  talents  of  a  Hollander  that  it  is  not  absolutely 
necessary  to  be  a  great  power  to  produce  to  the  world  great  men ; 
that  also  a  country,  hardly  the  size  of  the  state  of  Maryland,  is 
able  to  prove  by  such  men  as  Professor  Lorentz  and  Professor 
Onnes  that  she  deserves  a  prominent  place  among  the  nations  of 
the  earth,  and  that  Holland  has  not  been  inferior  to  the  larger 
nations  in  ideals  and  in  her  contributions  to  human  progress  and 
to  civilization. 

Though  Napoleon  called  Holland  a  mere  deposit  of  German 
mud  vomited  by  the  Rhine,  and  though  Andrew  Marvell,  long 
before  him,  spoke  of  it  as  the  offscouring  of  the  British  sand, 
adding  that  the  people  fished  the  land  to  shore,  and  though  many 
others  have  w^axed  facetious  over  Holland's  oddity,  one  poet 
characterizing  the  Nethei'lands  as  a  land  ''  Where  people  do  not 
live,  but  go  aboard,"  yet  those  who  have  studied  her  history  con- 
cede that  she  has  played  as  great  a  part  in  human  affairs  as  coun- 
tries to  whom  Nature  was  more  kind.  Her  chief  advantages  were 
her  disadvantages,  for  these  made  possible  the  sunaval  of  only 
the  fittest. 

This  year  you  again  honored  a  descendant  of  those  old 
Hollanders,  and  by  that  selection  you  again  showed  to  the  scien- 
tific world  that  in  science  and  learning  my  dear,  small  country 
holds  its  own,  and  that  still  now  the  Netherlands  belong  to  the 
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most  in\cnti\c  of  all  the  nations  of  Iuiro[)c  as  the)  were  in  the 
past,  when  they  were  inventive  under  the  spur  of  neeessity. 

W  ith  your  permission  1  deem  it  fitting  to  mention  here  a  few 
of  the  Hollanders'  many  inventions.  In  the  Netherlands  (jrigi- 
nated  the  sawmill,  the  windmill,  wo<j(l-en<;ravinj;,  oil  painting, 
the  printing  of  letters  from  wooden  l)locks,  which  preceded  the 
movable  type  of  the  Ciermans ;  the  thimble,  spectacles,  window- 
glass,  I  he  use  of  the  greenhouse  in  horticulture,  the  injn  plow, 
counterpoint  in  music,  the  telescope  and  the  niicroscoi>e,  upon 
the  use  of  which  all  modern  science  is  based;  the  mariner's  com- 
pass, and  the  thermometer. 

It  was  Christian  Huyghens  who,  besides  originating  the  theory 
of  the  vibration  of  light,  was  the  first  to  apply  the  micrometer 
to  the  telescope;  less  known,  but  not  less  important,  is  the  work 
of  Stevinus,  who,  in  1586,  by  his  book  on  "  The  Principles  of 
Equilibrium,"  founded  the  Science  of  Statics,  who  introduced 
decimal  fractions,  and  who  predicted  the  world's  adoption  of 
decimal  coinage,  weights,  and  measures. 

It  is  particularly  gratifying  to  me  that  Professor  Lorentz, 
upon  whom  you  bestowed  this  year  the  greatest  distinction  }ou 
dispose  of,  belongs  also  to  the  University  of  Leiden.  Vou  all  know- 
how  the  University  of  Leiden  originated :  Preferring  learning 
to  "  perpetual  immunity  "  from  taxes,  the  citizens  founded  and 
fostered  what  is  perhaps  the  greatest  of  all  modern  universities, 
for  no  other  institution  has  produced  so  many  great  men.  On 
the  roster  of  its  professors  and  students  are  hundreds  of  lasting 
renown,  among  others ;  Scaliger,  Vossius,  Heinsius,  Christian 
Huyghens,  the  great  Grotius,  Hooft,  Rembrandt  the  painter, 
Lipsius,  the  philologist  and  historian ;  Boerhaave,  the  great  phy- 
sician; Drusus,  the  Orientalist;  Gomarus  and  Arminius,  the 
theologians,  and  hundreds  of  others. 

In  Leiden,  too,  were  printed  the  Elzevirs  and  all  books  that 
could  not  get  a  hearing  elsewhere.  And  it  is  an  index  to  the 
education  of  the  people  and  to  the  status  of  the  country  to  learn 
that  fifteen  editions  of  the  Old  Testament  and  twxnty-four  of 
the  Xew  had  been  printed  and  published  at  Leiden  before  the 
first  Bible  was  printed  in  England. 

I  hope  you  won't  take  it  amiss  nor  consider  me  conceited 
because  I  have  drawn  for  a  moment  your  attention  upon  our 
oldest  University  and  upon  my  brave  little  country.  You  have 
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bronchi  that  upon  yourselves  by  again,  in  the  person  of  Professor 
Lorentz,  as  you  did  a  few  years  ago  in  the  i>erson  of  Professor 
Onnes,  distinguishing  a  countryman  of  mine  and  giving  again  a 
testimonial  of  the  highest  value  to  a  modest  worker  of  the  Low 
Countries,  who  gives  himself  entirely  to  the  science,  and  who 
surely  will  see  in  the  great  distinction  offered  to  him  by  your 
institution  not  only  a  great  reward  for  what  he  has  done  till  now, 
but  also  a  great  encouragement  to  continue  his  successful  work. 
In  the  name  of  the  Government  of  Her  Majesty,  my  gracious 
Queen,  I  declare  to  accept,  with  the  expression  of  Professor 
Lorentz's  and  of  Holland's  most  sincere  thanks,  on  behalf  of 
my  countryman,  Professor  Lorentz,  of  the  University  of  Leiden, 
The  Franklin  Medal,  and  I  express  the  hope  that  this  renewed 
proof  of  esteem  given  by  your  great  new  country  w^ill  lead  to  an 
(if  possible)  still  closer  bond  with  the  small  old  country  at  the 
other  side  of  the  ocean. 

In  introducing  Doctor  Taylor,  Doctor  Keller  said : 
Mr.  President:  While  this  Institute  derives  very  great  satis- 
faction from  its  ability  to  fittingly  recognize  the  lifework  of  a 
scientist  like  Professor  Lorentz,  it  is  no  less  gratifying  to  our 
membership  to  witness  the  presentation  of  The  Franklin  Medal 
to  a  compatriot  who  has  to  his  credit  so  many  achievements  of 
the  highest  order  in  the  application  of  physical  science  to  our  wel- 
fare and  national  defence.  The  career  of  this  medallist  must  be 
a  source  of  intense  pride  and  an  inspiration  to  every  American ; 
for  his  achievements  are  such  as  to  place  him  in  the  foremost 
rank  of  naval  engineers  of  any  country  and  of  any  time. 

He  was  born  March  4,  1864,  in  Louisa  County,  Virginia,  as 
a  lineal  descendant  of  distinguished  soldiers  and  statesmen  of  the 
Revolutionary  period.  His  early  education  and  preparation  for 
college  he  acquired  by  home  instruction  and  study,  entering  the 
Randolph-]\Iacon  College  in  Virginia  as  a  mere  boy  of  thirteen. 
On  completing  the  four-year  course  in  this  institution  in  1884, 
he  won  an  appointment  as  cadet  engineer  in  the  Naval  Academy 
at  Annapolis,  attaining  second  place  among  130  competitors  from 
the  country-at-large.  He  graduated  in  1885  ^^  the  head  of  his 
class,  and  with  the  highest  percentage  of  marks  for  the  entire 
course  ever  attained  by  any  graduate  of  the  academy  before  or 
since  that  date.     In  the  fall  of  the  same  vear  he  was  ordered 
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to  Loiulon  lo  enter  a  three-year  post-graduate  course  in  naval 
architecture  at  tlie  Ro\al  Xaval  College  at  (ireenwich.  At  the  end 
of  the  first  year  he  had  made  such  a  high  record  in  scholarship 
that  the  Secretary  of  the  Xavy  appointed  him  an  assistant  con- 
structor with  the  rank  of  junior  lieutenant,  and  u])()n  the  com- 
pletion of  the  entire  course  he  established  a  record  for  percentage 
of  marks  which  has  never  been  ecpialled  by  any  graduate  of  the 
college,  either  before  or  since  that  time. 

His  career  of  constructive  work  he  began  as  a  member  of  the 
Corps  of  Naval  Constructors  of  our  Navy,  in  which  position 
he  greatly  distinguished  himself  by  solving  a  number  of  im^xDr- 
tant  problems  in  connection  with  the  resistance  and  ix>wer  of 
ships.  The  results  of  this  work  are  recorded  in  numerous  papers 
which  he  presented  before  the  leading  engineering  societies  of 
the  world,  and  in  two  comprehensive  treatises.  The  gold  medal 
of  the  British  Institute  of  Naval  Architects  was  awarded  to 
him  for  a  paper  entitled  "  On  Ship-shaped  Stream  Forms," 
while  another  paper,  under  the  title  "  The  Theoretical  and  Prac- 
tical Methods  of  Balancing  Marine  Engines,"  won  for  its  author 
the  first  prize  in  a  competition  of  the  American  Society  of  Naval 
Architects  and  Marine  Engineers.  His  books  on  the  "  Resistance 
of  Ships  and  Screw  Propulsion  "  and  on  "  The  Speed  and  Power 
of  Ships  "  have  come  to  be  universally  recognized  as  the  stand- 
ard w^orks  upon  these  subjects. 

But  his  most  important  contributions  to  the  scientific  side  of 
naval  architecture  are  based  upon  the  work  he  conducted  at 
the  United  States  Experimental  ]\Iodel  Basin,  which  he  designed 
and  constructed  at  Washington,  D.  C,  in  1897.  and  of  which 
he  had  charge  until  1914.  During  this  period  of  his  life  a  sur- 
prisingly wide  range  of  subjects  engaged  his  attention,  and  many 
instances  might  be  cited  in  illustration  of  his  resourcefulness  in 
formulating  and  experimentally  attacking  problems  in  subjects 
of  which  very  little  was  known  before.  A  case  in  point  is  his 
brilliant  experimental  researches  on  "  The  Interaction  Due  to 
Suction  between  Passing  Vessels,"  a  subject  on  which  there  was 
little  or  no  reliable  information,  save  a  few  observations  on  cases 
of  damage  to  ships  by  unexplained  collisions.  By  his  brilliantly 
conceived  and  successfully  conducted  experiments  he  placed  the 
subject  on  a  scientific  basis,  and  this  work  aroused  such  a  wide- 
spread interest  that,  at  the  time  of  the  trial  in  England  of  the 
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celebrated  case  arising  from  the  collision  between  the  White 
Star  liner  Olympic  with  the  British  cruiser  Ilaivk,  he  was  invited, 
])()th  by  the  British  (Government  and  the  owners  of  the  Olympic, 
to  ai)i)ear  as  an  expert  witness. 

During  the  years  he  had  charge  of  the  A'lodel  Basin  he  by  no 
means  confined  his  attention  to  the  theoretical  aspects  of  naval 
architecture,  but  he  was  also  the  i)rincipal  adviser  to  the  Chief 
Constructor  of  the  Navy  on  all  matters  pertaining  to  the  design 
of  every  vessel  of  importance  on  the  navy  list.  It  was  in  this 
capacity  that  he  conceived  what  is  now  known  as  the  "  American  " 
or  "  centre-line  "  arrangement  of  gun  turrets  on  the  "  Dread- 
nought "  or  "  big-gun  "  type  battleships  built  for  the  American 
navy,  and  which  has  since  been  adopted  by  every  great  Naval 
Power. 

In  December,  191 4,  he  was  appointed,  by  the  President,  Chief 
Constructor  of  the  United  States  Navy,  with  the  rank  of  Rear 
Admiral,  and  Chief  of  the  Bureau  of  Construction  and  Repair. 
In  this  capacity  he  has  been  responsible  for  the  design  and  build- 
ing of  the  huge  naval  program  provided  for  during  the  last 
two  years. 

The  sparing  intervals  of  leisure  in  his  busy  life  he  loves  to 
spend  on  his  country  place  in  Virginia,  where  he  successfully 
applies  scientific  principles  to  farming  on  a  large  scale. 

Mr.  President,  at  this  time  when  our  country's  safetv  and 
success  in  the  great  war  depend  so  largely  upon  a  powerful  and 
efficient  navy  I  deem  it  a  special  honor  and  privilege  to  present 
to  you  as  Franklin  Medallist  a  man  who  has  played  a  foremost 
part  in  its  development,  and  who  is  conceded  to  be  the  greatest 
living  naval  architect  and  naval  constructor.  Admiral  David 
Watson  Taylor. 

Before  presenting  the  medal  to  Admiral  Taylor,  the  President 
read  the  following  message  from  the  Honorable  Josephus  Daniels, 
Secretary  of  the  Navy: 

WESTERN    UNION     TELEGRAM 

Dr.  R.  B.  Owens, 

Secretary,  The  Franklin  Institute,  Philadelphia,  Pa. 

I  regret  that  official  duties  deny  me  the  pleasure  of  being  present  to- 
day when  Tlie  Franklin  Institute  awards  The  Franklin  Medal  to  Admiral 
Taylor.  No  distinction  has  been  awarded  by  any  institution  to  a  man  who 
deserved  it  more.  Admiral  Taylor  is  not  only  an  honor  to  the  Navy,  but 
has  added  lustre  to  American  accomplishment  in  a  field  calling  for  the 
highest  ability.  Josephus  Daniels. 
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DAVID   WATSON   TAYLOR 


i()8  Presentation  of  1m<axkijn  Medal.  TJ.  F.  I. 

The  IVcsidcnt  then  said: 

.Idniiral  Taylor:  1  have  the  hoiKjr,  in  the  name  of  The 
Frankhn  Institute,  upon  the  recommendation  of  its  Committee 
on  Science  and  the  Arts,  and  in  recognition  of  your  distinguished 
services  to  humanity,  and  particularly  to  your  nation,  rendered 
in  the  field  of  science,  to  present  you  The  Franklin  Medal  and 
Diploma,  the  highest  honor  in  the  gift  of  the  Institute. 

After  exjxressing  his  appreciation  of  the  honor  conferred  upon 
him,  Doctor  Taylor  read  a  paper  entitled :  ''  The  Science  of 
Naval  Architecture  "  (see  page  i ). 


Chemical  Composition  Versus  Electrical  Conductivity.  C.  G. 
Fink.  {General  Electric  Review,  vol.  xx,  Xo.  5,  363,  May, 
1917.) — Some  years  ago  the  author  carried  out  a  number  of  experi- 
ments on  the  electro-thermic  production  of  ultramarine.  Powdered 
mixtures  of  sodium  sulphide,  china  clay,  and  carbon  were  interposed 
between  carbon  electrodes  in  a  closed  crucible  furnace.  It  was 
observed  at  the  time  that  in  order  to  keep  the  electrical  resistance  and 
the  temperature  of  the  charge  low  enough  to  avoid  decomposition  of 
the  ultramarine  as  soon  as  it  was  formed  it  w^as  necessary  to  use  very 
finely  divided  carbon,  such  as  lampblack.  With  charges  made  up 
of  powdered  coke  it  was  not  possible  to  pass  an  appreciable  current 
between  the  carbon  electrodes  up  to  potentials  of  250  volts. 

To  obtain  values  of  a  more  quantitative  nature,  a  series  of  tests 
were  made.  Two  substances  were  selected,  the  physical  properties 
of  one  as  divergent  as  possible  from  those  of  the  other:  a  black  metal 
powder,  tungsten,  and  a  white  insulator  powder,  thoria.  The  advan- 
tages are  that  both  tungsten  and  thoria  will  withstand  very  high 
temperatures  and  can  therefore  be  made  practically  moisture-proof. 
The  results  showed,  in  general,  that  the  electrical  conductivity 
of  a  substance  is  primarily  dependent  upon  the  shape  and  the  distri- 
bution of  the  fundamental  grains  or  particles  composing  the  sub- 
stance, and,  secondly,  upon  the  presence  or  absence  of  thin  films  of 
secondary  material  enveloping  these  ultimate  grains.  On  the  basis 
of  these  conclusions  we  can  account  for  the  comparatively  high 
conductivity  of  gels  that  contain  but  a  trace  of  conducting  material. 
We  can  also  account  for  the  marked  difference  in  resistance  of,  say, 
two  samples  of  commercial  copper  of  identical  chemical  composition, 
depending  upon  whether  the  impurity,  such  as  sulphur,  is  uniformly 
dissolved  in  the  metal  or  whether  it  forms  a  film  ('*  cement  ")  of 
copper  sulphide  around  pure  granules  of  copper.  The  latter  case  is 
to  be  regarded,  as  Bancroft  suggested,  as  an  emulsification  of  copper 
in  copper  sulphide.  The  high  resistance  of  these  surface  films  com- 
posed of,  say,  sulphide  or  oxide  or  arsenide  accounts  for  the  high 
resistivity  values  of  copper  containing  but  a  trace  of  one  or  more 
of  these  impurities. 
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THE    CALCULATION    OF   THE   CONSTANTS    OF    PLANCK'S 

RADIATION  EQUATION;  AN  EXTENSION  OF  THE 

THEORY  OF  LEAST  SQUARES.' 

By  Harry  M.  Roeser. 

[abstract.] 

The  problem  of  computing  from  experimental  data  the  con- 
stants, Ci  and  c.y,  of  Planck's  radiation  equation  for  the  distribu- 
tion of  energy  in  the  spectrum  of  a  black  body  is  attacked  by  the 
method  of  least  squares.  The  data  were  furnished  by  Dr.  \V.  \^^ 
Coblentz  and  had  been  used  to  determine  the  constant  c^  by  an- 
other method  (Bulletin  Bureau  of  Standards,  13,  19 16,  p.  474). 

The  observation  equations  were  reduced  by  taking  logarithms 
of  both  sides  and  assigning  proper  weights  to  the  equations  so 
transformed.  The  method  of  assigning  weights  is  given  in  a  gen- 
eral form  that  can  be  adapted  to  any  scheme  of  transformation. 

It  is  shown  that  the  "  two  point  "  method  {Bulletin  Bureau 
of  Standards,  i3»  1916,  p.  535)  of  determining  Co  may  be  made 
identical  with  the  least  square  solution  if  all  possible  pairs  of 
points  are  combined  and  a  proper  system  of  weights  is  applied 
to  the  separately  computed  values  before  taking  the  mean.  This 
is  suggested  in  T.  W.  WVight,  "  Adjustment  of  Observations," 
1884,  page  141.  A  short  numerical  example  is  given  to  show 
that  by  this  system  of  weights  being  applied  to  an  arbitrarily 
selected  number  of  computed  values  the  weighted  mean  approxi- 
mates the  least  square  value  better  than  the  simple  mean. 


THE  LUMINOUS  RADIATION  FROM  A  BLACK  BODY  AND 
THE  MECHANICAL  EQUIVALENT  OF  LIGHT.^ 

By  W.  W.  Coblentz  and  W.  B.  Emerson. 
[abstract.] 

This  paper  gives  applications  of  the  visibility  of  radiation  of 
the  average  eye  to  radiation  problems,  including  the  luminous 
energy  emitted   by  a  black  body  at  various  temperatures,   the 

*  Communicated   by  the   Director. 
^  Scientific   Paper  No.   204. 
"  Scientific  Paper  Xo.  305. 
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luminous  efficiency,  the  Crova  \vave-len|^th,  and  the  mechanical 
o(|uivalent  of  lii^dit. 

The  visihility  curve  of  the  avera^^e  eye  ( 125  observers)  i,nves 
a  mechanical  e(|uivalenl  of  i  lumen  =0.00161  watt  of  radiant 
energy  of  maximum  visibility.  Various  (jther  determinations  give 
values  varying  from  0.00157  to  0.00160  watt. 

The  most  reliable  data  now  available  indicate  a  value  of  i 
lumen  =0.0016  watt  of  radiant  energy  of  maximum  visibility; 
or  I  watt  =  625  lumens  =  49.8  candles  of  radiant  energy  of 
maximum  luminous  efficiencv. 


AN  EXPERIMENTAL  STUDY  OF  THE  FAHY   PERMEAMETER.' 
By  Charles  W.  Burrows  and  Raymond  L.  Sanford. 

[abstract.] 

This  permeameter  was  developed  during  the  course  of  an 
investigation  at  the  Bureau  of  Standards  on  the  magnetic- 
mechanical  properties  of  steel.  In  order  to  ascertain  the  degree  of 
accuracy  attained,  as  well  as  its  fitness  for  general  laboratory 
use,  a  critical  experimental  study  of  the  instrument  in  its  present 
form  has  been  made. 

The  instrument  represents  a  distinct  advance  in  the  measure- 
ment of  the  magnetic  characteristics  of  steel  and  other  magnetic 
materials.  In  accuracy  it  far  excels  the  direct-reading  permeam- 
eters  which  have  been  rather  commonly  used  both  in  this  coun- 
try and  abroad.  Normal  induction  measurements  of  solid  bars 
show  errors  no  greater  than  five  per  cent,  of  the  magnetizing 
force  required  for  a  given  induction.  The  consistency  of  its 
.readings  taken  at  different  times  on  the  same  specimen  is  so 
close  that  comparative  results  on  similar  materials  can  be  ob- 
tained to  a  much  higher  degree  of  precision.  Commercial  ma- 
terials, however,  are  seldom  uniform  enough  to  warrant  better 
precision  than  five  per  cent.  Hysteresis  measurements  are  ac- 
curate within  the  limits  of  commercial  requirements  and  the 
uniformity  of  commercial  materials. 

^  Scientific  Paper  No.  206. 
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NOTE  ON   ELECTRICAL  CONDUCTION   IN   METALS   AT   LOW 

TEMPERATURES.' 
By  Francis  B.  Silsbee. 
[abstract.] 
The  experiments  at  the  University  of  Leiden  at  extremely 
low  temperatures  have  shown  that  certain  metals  show  an  abnor- 
mally great  electrical  conductivity.  It  has  also  been  discovered 
that  it  either  the  magnitude  of  the  current  flowing  in  the  speci- 
men, or  the  magnetic  field  in  which  the  specimen  may  be  placed, 
is  increased  above  a  certain  critical  value,  then  this  abnormal  con- 
ductivity disappears.  In  this  paper  it  is  pointed  out  that  these 
two  experimental  facts  are  not  independent,  but  that  the  phe- 
nomenon of  critical  current  is  a  necessary  consequence  of  the 
existence  of  a  critical  value  of  magnetic  field.  The  relation  be- 
tween the  two  is  that  the  critical  value  of  the  current  is  that  at 
which  the  magnetic  field  due  to  the  current  itself  is  equal  to 
the  critical  magnetic  field.  On  account  of  the  great  exi>erimental 
difficulties  connected  with  work  in  this  range  of  temperature, 
the  quantitative  data  available  for  testing  this  relation  are  rather 
scanty  as  yet,  but  the  data  w4iich  are  available  are  in  satisfactory 
agreement  with  the  theory. 


GAS    CALORIMETER   TABLES.' 

[abstract.] 

The  numerous  requests  for  a  brief  and  concise  set  of  oper- 
ating directions  for  a  gas  calorimeter,  and  for  a  convenient  set 
of  correction  tables,  has  resulted  in  the  publication  by  the  Bureau 
of  Standards  of  Circular  No.  65,  "  Gas  Calorimeter  Tables." 
This  may  be  regarded  as  a  supplement  to  Bureau  Circular  No. 
48,  '*  Standard  ^Methods  of  Gas  Testing."  The  correction  tables 
are  arranged  in  a  sequence  most  convenient  for  use  in  connec- 
tion with  the  proposed  record  sheet. 

The  record  forms  for  calorimeter  tests  which  are  shown  in 
the  circular  have  been  used  for  some  time  and  found  to  be  com- 
plete and  convenient.  It  is  hoped  that  these  forms  will  be  adopted 
w^herever  pwDssible,  so  that  there  will  be  greater  uniformity  in 
operating  methods  and  the  records  used.  The  Bureau  is  will- 
ing to  loan  the  original  plates  for  preparation  of  electrotypes  for 
these  blanks  to  any  one  desiring  to  print  them. 

^  Scientific  Paper  No.  207. 
^  Circular  No.  65. 
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COMPARATIVE   TESTS    OF    STITCHES   AND    SEAMS.' 
By  Walter  S.  Lewis. 

[ahstkact.] 

This  work  was  undertaken  with  a  view  of  determining  the 
essential  differences  between  seams  produced  by  two  methods 
of  stitching  by  the  sewing  machines  most  extensively  employed. 
Seams  of  the  double-locked  stitch  and  the  shuttle  stitch,  some- 
times called  lock  stitch,  were  tested  to  show  their  relative  strength 
and  other  characteristics. 

DOUBLE-LOCKED  STITCH. 

The  double-locked  stitch  is  produced  without  the  use  of  a 
shuttle,  and  in  the  formation  of  a  seam  all  threads  are  fed  di- 
rectly from  original  spools  or  bobbins  without  any  rewindmg. 
The  under  thread  is  called  the  looper  thread  and  is  guided  into 
place  by  a  small  metal  arm,  containing  an  eye  through  which 
the  thread  passes.  This  arm  works  back  and  forth,  forming  one 
part  of  the  stitch  as  the  needle  or  upper  thread  w^orks  up  and 
down  through  the  fabric.  Inasmuch  as  no  shuttle  is  employed, 
there  is  no  time  lost  in  rewinding  a  bobbin  or  refilling  a  shuttle, 
which  is  necessary  with  the  sewing  machine  commonly  used  in 
the  household. 

SHUTTLE  STITCH. 

The  shuttle  stitch  is  produced  by  the  use  of  a  shuttle  which 
supplies  the  under  thread  while  the  upper  thread  passes  through 
the  needle.  With  this  method  of  stitching  the  shuttle  must  be 
removed  from  the  machine,  from  time  to  time,  to  refill  the  bobbin. 

STRENGTH  OF  SEAMS. 

Several  kinds  of  fabric  were  stitched  by  each  method  and  by 
using  various  combinations  of  thread  sizes.  The  seams  thus  pro- 
duced were  tested  to  determine  which  method  of  stitching  pro- 
duces the  stronger  seam,  greater  stretch,  etc.  Various  types  of 
tensile  strength  test  specimens  were  used,  and  it  is  believed  that 
these  gave  a  fair  comparison  of  the  strength  of  the  two  types  of 
seams  tested. 

^  Technologic  Paper  No.  96. 
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EFFECT    OF    A    BROKEN    STITCHING    THREAD. 

Comparative  tests  were  made  with  sj>ecimens  in  which  tlie 
stitching  thread  was  broken.  It  was  found  that  the  shuttle- 
stitch  seam  was  weakened  much  more  than  the  double-locked 
stitch,  and  the  pullinj^  out  of  the  threads  in  the  former  stitch 
caused  the  .seam  to  give  w^ay  before  the  fabric  was  torn.  This 
is  ol)jectionable,  because  the  hole  thus  prtHluced  must  be  sewed 
up  to  prevent  it  l>ecoming  larger.  With  the  double-locked  stitched 
seam,  however,  a  broken  stitch  does  not  produce  a  hole,  as  each 
loose  end  becomes  securely  locked  and  the  seam  remains  as  strong 
as  it  was  originally. 

Other  tests  were  made  to  show  the  stretching  qualities  of 
the  two  kinds  of  stitching.  The  results  of  these  tests  show  that 
the  double-locked  stitch  is  more  elastic,  stronger,  and  less  likely 
to  be  injured  by  tension  along  the  seam  than  the  shuttle  method 
of  stitching. 

The  results  of  this  investigation  show  that  seams  produced 
by  the  double-locked  stitch  are  superior  to  the  shuttle  stitch. 
No  attempt  was  made  to  compare  the  tw^o  types  of  stitching  in 
other  respects,  such  as  production  capacity  of  the  two  types  of 
machines :  cost  of  production,  with  special  reference  to  consump- 
tion of  time,  thread,  and  fabric ;  deterioration  due  to  wear,  etc. 


Acid-resisting    Properties    of    Some    Iron-silicon    Alloys.     O. 

L.  KowALKE.  {Proceedings  of  the  uliiierica)!  Electrochemical 
Society,  May  2-5,  191 7.) — Various  acid-resisting  alloys  of  commer- 
cial importance  have  been  produced  within  recent  years,  and  among 
these  the  iron-silicon  alloys  seem  to  give  satisfactory  service  in  many 
operations.  Little  information,  however,  seems  to  have  been  pub- 
lished on  the  acid-resisting  properties  of  the  iron-silicon  alloys,  and 
an  investigation  was  undertaken  to  determine  their  resistance  to 
several  common  acids. 

Eighteen  low-carbon  iron-silicon  alloys,  containing  1.2  to  19.8 
per  cent,  of  silicon,  were  immersed  from  periods  of  51  hours  to 
29  days  in  10  per  cent,  solutions  of  sulphuric,  hydrochloric,  nitric, 
acetic,  and  citric  acids,  and  the  losses  determined.  With  a  few 
irregularities  the  resistance  to  acid  attack  was  a  minimum  at  1.2 
to  3.3  per  cent,  silicon,  and  a  maximum  at  16  to  18  per  cent.  The 
latter  alloys  are  very  hard  and  brittle.  Attempts  are  being  made 
to  find  an  addition  element  which  will  decrease  these  undesirable 
qualities  without  impairing  the  resistance  to  acids. 


1 1 4  Current  Topics.  H-  f.  I. 

Automobile  Headlighting.  S.  C.  Rogers.  (Transactions  of 
the  Illuiiiinahnji  /inj^inccr'uij/  Society,  vol.  xii,  No.  3,  p.  158,  April 
30.  i()i/'.) — Judging  l)y  the  generally  unsatisfactory  results  which 
have  been  obtained  up  to  the  present  time  in  endeavoring  to  secure 
adc(juatc  road  h'gliting  without  presenting  intolerable  glare  to  per- 
sons facing  the  hcadlami),  the  ])ractical  ])roblem  presented  by  the 
regulation  of  the  use  of  high-power  headlamps  is  apparently  an 
extremely  difficult  one.  Only  by  the  close  application  of  a  thorough 
knowledge  of  the  processes  of  vision  and  the  requirements  of  head- 
lighting  may  a  satisfactory  compromise  be  effected. 

If  it  were  possible  to  secure  a  point  light  source,  a  true  parab- 
oloid would  project  a  cylindrical  beam  of  the  same  diameter  as 
the  reflector  and  consisting  of  wholly  parallel  rays,  provided  that 
the  light  source  were  at  the  focus.  If  this  point  light  source  were 
placed  behind  the  focus,  a  conical  beam  consisting  of  entirely  diver- 
gent rays  would  result.  If  this  point  light  source  were  moved  in 
front  of  the  focus,  an  "  hour  glass  "  beam  consisting  of  converging 
rays  would  result.  Likewise,  if  the  light  source  were  moved  in  a 
vertical  plane  perpendicular  to  the  axis  of  the  paraboloid  at  its 
focus,  the  beam  would  be  lowered  or  raised,  depending  upon  whether 
the  light  source  were  raised  or  lowered.  Light  sources  have  physical 
dimensions,  however,  and  the  spread  of  the  beam  will  depend  upon 
the  size  and  shape  of  light  source  used  and  also  upon  the  location 
of  the  latter  with  respect  to  the  focus  of  the  paraboloid. 

Ability  to  detect  persons,  objects,  etc.,  at  a  considerable  distance 
in  front  of  the  car  depends  upon  various  factors.  The  high  candle* 
powers  used  are  sufficient,  but  the  characteristics  of  road  surfaces 
and  the  adaptability  to  darkness  of  the  eye  must  be  considered.  It 
has  been  commonly  asserted  by  many  that  a  beam  of  yellow  light 
w^ill  penetrate  fog  or  diist  better  and  will  produce  less  glare  than 
the  same  intensity  beam  of  white  light.  It  should  be  borne  in  mind 
that  yellow  light  for  headlamp  work  is  not  the  same  yellow  light  for 
general  illumination.  As  a  result  of  many  headlamp  tests,  no  reduc- 
tion in  glare  has  been  found,  except  that  directly  traceable  to  the 
lesser  intensity  of  the  headlamp  due  to  the  absorption  of  the  glass, 
nor  any  better  penetration  of  fog,  dust,  or  smoke.  The  only  advan- 
tage that  could  be  found  was  a  reduction  of  the  diffractive  halation 
or  back  glare  when  driving  through  a  rainstorm  or  heavy  fog. 
On  the  other  hand,  halation  around  an  opposing  headlamp  usually 
results  in  reducing  the  contrast  glare.  Over  two  thousand  methods 
have  been  developed  for  overcoming  the  dazzling  rays  or  glare. 
Among  these  commonly  seen  at  present  are :  parabolic  reflectors  with 
devices  placed  in  the  path  of  the  reflected  light,  parabolic  reflectors 
with  devices  placed  between  light  source  and  reflector,  special  light 
sources,  and  reflectors  of  special  designs  and  shapes. 


NOTES    FROM    RESEARCH    DIVISION.    ELECTRICAL 

ENGINEERING  DEPARTMENT,   MASSACHUSETTS 

INSTITUTE  OF  TECHNOLOGY/^ 


CONVECTION    OF   HEAT   FROM    SMALL   WIRES   IN    WATER. 

The  laws  of  the  forced  convection  of  heat  from  small  wires 
carrying  a  steady  electric  current  and  moving  transversely 
through  air  have  been  studied  at  some  length.^  A  research  into 
the  case  of  small  wires  moving  transversely  in  water  was  car- 
ried out  by  ^lessrs.  Harold  W'orthington  and  C.  B.  Malone,  Jr., 
as  a  thesis  towards  the  S.B.  degree,  at  the  Massachusetts  Insti- 
tute of  Technology,  in  1915,  under  the  direction  of  the  Electrical 
Engineering  Research  Division.  The  results  obtained  are  here 
briefly  summarized. 

The  test  wire  was  of  platinum,  No.  30  A.  A\\  G.  (0.256  mm. 
diameter),  supported  in  a  vertical  frame  holder.  The  latter 
was  carried  on  the  end  of  a  motor-driven  rotating  arm  in  such 
a  manner  that  the  test  wire  was  dragged  through  the  water  of 
a  large  tank,  in  a  direction  transverse  to  its  length,  at  an  ad- 
justable velocity,  and  at  a  constant  depth  of  immersion.  The 
vertical  frame  was  of  steel,  41  cm.  high,  and  designed  so  as  to 
grip  the  test  wire  tightly,  and  to  keep  the  latter  vertically 
stretched,  while  stirring  up  the  water  as  little  as  possible  in  the 
path  of  the  wire's  motion.  The  test  wnre  was  about  20  cm.  long, 
and  was  connected  by  the  grips  of  the  holder  to  a  storage  bat- 
tery through  a  controlling  resistance  and  ammeter.  In  this  way 
the  current  /,  through  the  test  wire,  could  be  carried  up  to  17 
amperes,  under  adjustable  control.  Pressure  wires,  fastened  to 
the  test  wire,  and  12.8  cm.  apart,  were  led  to  a  voltmeter,  so  as 
to  show  the  drop  of  potential  V  in  this  working  portion  of  the 
test  wire.  The  product  VI  of  the  observed  voltage  and  current 
gave  the  power  dissipated  by  the  wire,  in  watts,  and  this,  divided 
by  12.8,  gave  the  linear  power  dissipation  in  w^atts  per  linear 
centimetre  of  the  test  wire.  The  ratio  V /I  also  indicated  the 
working  resistance  of  the  12.8  cm.  of  wire,  and  from  this  the  mean 
temperature  of  the  test  wire  became  known. 


*  Communicated  by  the  Director. 

^  JouRXAL  OF  The  Fraxklix  Ixstitute.  June.  1917,  p.  783. 
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It  was  found  that  the  linear  power  I\  (hssipated  from  the 
test  wire  convectively,  as  the  wire  was  liaulecl  around  in  the 
water  tank,  was  proportional  to  the  temperature  difference  0  be- 
tween the  wire  and  the  mass  of  the  water,  i.e.,  to  the  temperature 
elevation  of  the  wire,  for  velocities  alx)ve  6  cm.  per  second.  At 
velocities  lower  than  this,  the  proportionality  api)eared  to  fail, 
perhaps  because  of  irregular  convection  in  the  water  due  to  liquid 
eddies. 

The  forced  convection,  for  a  given  temperature  elevation  0^  C. 
of  the  wire,  varied  exponentially  with  the  velocity  V  of  the 
wire's  transverse  motion.  At  temperature  elevations  not  ex- 
ceeding 23°  C,  the  linear  dissipation  P  varied  as  the  square  root 
of  the  velocity,  or  as  V^^.  At  higher  temperature  elevations, 
the  exponent  appeared  to  fall  off,  according  to  an  empirical  re- 
lation:  exponent  =0.55  —  0.003^.  The  reason  for  this  falling 
off  in  the  exponent  at  higher  values  of  6  is  not  known.  It 
will  be  noted,  however,  that  the  activity  in  watts  per  square 
centimetre  of  wire  surface  becomes  surprisingly  large  as  0  is 
increased. 

Within  the  limitations  above  indicated,  the  linear  dissipation 
was  found  to  follow  the  relation 

P  =z  o.oji  $   }/ V  watts  per  linear  centimetre   (i) 

where  0  is  the  temperature  elevation  and  V  is  the  velocity  of 
the  wire's  motion  in  centimetres  per  second,  taking  into  account 
a  certain  experimental  virtual  velocity  t'o=i.i5  when  the  wire 
is  at  rest,  and  explainable  as  a  velocity  of  free  convection ;  that  is, 

F  =  z'+i.i5  centimetres   per   second    (2), 

V  being  the  true  velocity  of  the  w^ire  through  the  water. 

The  total  range  of  velocities  Z'  experimented  with  was  from 
o  to  16  cm.  per  second.  It  was  not  convenient  to  carry  the 
velocity  to  higher  values  than  16  cm.  per  second,  because  of 
the  stresses  brought  on  the  test  wire  and  of  the  disturbances 
set  up  in  the  liquid.  The  dissipation  for  ^  =  30°  C,  and 
^'=  14.85,  or  V  =  16  cm.  per  second,  would  be,  by  (i),  i^.y 
watts  per  linear  centimetre.  This  corresponds  to  46  watts  per 
square  centimetre  of  test-wire  surface. 

In  all  of  the  later  tests  filtered  tap-water  from  the  Boston 
Citv  mains  was  used.     It  was  found  that  the  surface  coefficient 
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().():;  I.  in  (  I  ),  conld  not  ])C  deixMidcd  njxni  to  kc'cj)  constant  for 
more  than  a  few  minutes  at  a  time  unlc^^  ihc  wire's  surface 
was  cleansed  hy  wipin^^  it.  A  transparent  superficial  layer  of 
dirt  seems  to  form  rapidly  on  the  heated  wire,  and  this  causes 
the  linear  dissipation  to  diminish.  Consequently  any  attempt 
to  use  the  device  for  measuring  the  velocity  of  such  water, 
passing  the  wire,  would  seem  to  call  for  some  means  of  cleansing 
the  wire  at  short,  regular  intervals. 

It  is  interesting  to  note  that  the  linear  dissipation  from  a 
thin  platinum  wire  in  water,  as  above  described,  is  more  than  one 
hundred  times  greater  than  that  from  a  thin  copper  wire  of  the 
same  diameter  moving  in  air,  at  the  same  velocity  and  tempera- 
ture elevation. 


The  Vosmaer  Phenomenon.  W.  C.  Mooke.  {Proceedings  of 
the  American  Electrochemical  Society,  May  2-5,  19.17.) — A  num- 
ber of  years  ago  a  patent  was  issued  to  A.  Vosmaer,  of  Haarlem, 
Holland  (English  patent,  Xo.  21,887,  1899),  for  the  production  of 
light  by  means  of  a  discharge  between  nickel  wires  serving  as  the 
secondary  terminals  of  an  induction  coil.  The  phenomena  involved 
were  described  by  \^osmaer  in  Metallurgical  and  Chemical  Engineer- 
ing for  June,  1914.  In  brief,  when  the  wires  used  are  of  the  correct 
size  for  the  induction  coil  to  which  they  are  connected,  and  the  dis- 
tance between  the  ends  of  the  wires  is  properly  adjusted,  the  cathode 
wire  fuses  at  the  end,  forming  a  small  globule  which  glows  with  high 
intrinsic  brilliancy. 

Experiments  made  in  the  Research  Laboratory  of  the  National 
Carbon  Company,  Cleveland,  Ohio,  using  a  coil  giving  a  normal 
spark  of  three  inches,  showed  that  ( i)  on  turning  on  the  current  the 
cathode  becomes  intensely  hot  at  its  extreme  end,  and  soon  melts  ;  (2) 
that  the  surface  tension  of  the  molten  nickel  is  sufficiently  great  to 
draw  the  molten  material  up  into  a  ball ;  (3)  that  while  (i)  and  (2) 
are  taking  place,  the  outer  portion  of  the  fused  mass  becomes 
oxidized.  This  oxide  adheres  very  firmly  to  the  nickel,  as  it  ap- 
parently has  a  higher  melting-point  than  nickel,  the  nickel  is  protected 
from  further  attack  and  so  is  not  consumed,  and  an  equilibrium 
temperature  is  therefore  soon  reached.  The  fact  that  the  ball,  when 
the  energy  is  liberated,  is  much  larg^er  than  the  wire,  and  the  heat 
of  conductivity  decreases  very  rapidly  with  the  temperature,  causes 
this  equilibrium  temperature  to  attain  a  high  value.  The  high  emis- 
sivitv  of  the  nickel-oxide  layer  explains  the  high  intrinsic  brilliancy 
of  the  little  ball. 


ii(S  Current  Topics.  IJ.  F.  I. 

New  Alloys  to  Replace  Platinum.  I".  A.  FAiiRiiiNWALi).  (The 
Journal  of  huliistnal  and  Iiuyuiccrinij  Chemistry,  vol.  9,  No.  6,  p. 
590,  June,  1917.)  —  i'he  present  phenomenal  activities  in  chemical 
research  and  manufacturing  enterprises  have  resulted  in  a  continu- 
ally increasing  consumption  of  platinum,  while  statistics  show  that 
the  world's  production  has  been  on  the  decline.  At  the  present 
time  an  actual  scarcity  of  the  metal  is  of  greater  importance  than 
its  consequent  high  cost.  The  development  of  materials  to  take  the 
place  of  platinum  in  many  of  its  applications  has  consequently 
become  not  so  much  a  matter  of  economic  desire  as  one  of  actual 
necessity. 

At  the  present  time,  when  molecules,  atoms,  and  electrons  are  a 
matter  of  fruitful  study,  the  production  of  alloys  of  special  proper- 
ties is  no  longer  the  result  of  discovery,  as  in  the  days  of  the 
alchemist,  and  advances  are  now  made  by  a  study  of  the  relation 
of  the  general  properties  of  an  alloy  to  the  nature  of  its  constituents. 
The  relationship  of  the  elements,  best  revealed  by  some  form  of  the 
periodic  table,  showed  that  the  general  properties  of  platinum  were 
possessed  by  no  other  metals  except  those  adjacent  to  it  in  the  table. 
The  surrounding  elements  are  iridium,  rhodinium,  palladium,  silver, 
and  gold.  All  metals  outside  of  this  region  are  affected  by  common 
reagents  and  gases,  and  without  exception  are  not  stable  at  elevated 
temperatures  in  normal  atmospheres.  Considering  each  of  these 
in  turn,  it  was  found  that  not  one  is  suited  as  a  general  substitute 
for  platinum.  The  possibilities  being  limited  to  the  small  group 
indicated,  it  w^as  necessary  to  combine  these  included  metals  in  such 
a  manner  as  to  eliminate  or  neutralize  undesirable  features,  and  to 
develop  those  which  were  necessary.  Among  these,  only  gold  and 
palladium  were  found  available  as  the  permissible  chief  components 
of  an  alloy  having  nearly  the  general  properties  of  platinum. 

A  detailed  investigation  of  alloys  of  these  metals  has  resulted  in 
materials  which  for  many  practical  purposes  cannot  be  distinguished 
from  platinum.  The  name  "  rhotanium  ''  has  been  applied  to  this 
series  of  alloys.  Exhaustive  tests  have  shown  that  most  of  the 
uses  for  which  platinum  has  heretofore  been  considered  indispensable 
can  be  filled  by  one  of  these  gold-palladium  alloys,  thus  freeing 
platinum  for  those  remaining  applications  where  no  other  material 
can  be  employed.  The  extent  to  which  platinum  may  be  replaced 
in  this  manner  is  limited  by  the  amount  of  palladium  available,  and 
when  it  is  considered  that  these  alloys  contain  from  90  to  60 
per  cent,  of  gold  it  is  evident  that  the  effective  supply  of  platinum 
may  thus  be  increased  by  many  thousand  ounces. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  CHEMISTRY. 


THE  VOLATILE  REDUCING  SUBSTANCE  IN  CIDER  VINEGAR.' 

By  R.  W.  Balcom. 

[abstract.! 
A  HISTORICAL  discussion  is  followed  by  experimental  results 
which  include  details  of  the  preparation  and  purification  of  the 
phenylosazone  obtained  from  the  distillate  from  cider  vinegar. 
Such  distillates  contain  a  reducing  substance  which  reduces  Fehl- 
ing's  solution  at  room  temperature.  The  melting-point  of  the 
phenylosazone  and  the  amount  of  nitrogen  it  contained  indicated 
that  it  was  diacetyl  phenylosazone.  Diacetyl  (CH.j-CO-CO- 
CH,)  and  acetylmethylcarbinol  (CH.-CHOH-CO-CH..),  the 
two  substances  from  which  this  osazone  might  be  formed,  were 
prepared  and  the  Miavior  of  dilute  solutions  of  these  twO'  sub- 
stances was  compared  with  that  of  the  cider  vinegar  distillate.  It 
is  shown  that  the  reducing  substance  in  the  cider  vinegar  distillate 
is  largely,  if  not  wholly,  acetylmethylcarbinol.  This  substance  is 
not  formed  during  the  distillation  of  the  vinegar.  It  is  present  as 
such  in  the  vinegar  and  appears  to  be  a  normal  constituent  of  cider 
vineg:ar. 


SOME   PROTEINS   FROM   THE   JACK   BEAN    (CANAVALIA 

ENSIFORMIS).* 

By  D.  Breese  Jones  and  Carl  O.  Johns. 

From  the  Protein  Investigation  Laboratory,  Bureau  of  Chemistry, 
Department  of  Agriculture,  Washington,  D.  C. 

[abstract.] 

Two  globulins,  canavalin  and  concanavalin,  and  an  albumin 
have  been  isolated  from  the  jack  bean.  The  air-dried  jack  bean 
meal  contained  2^,  per  cent,  of  protein,  15  per  cent,  of  w-hich  is 
extracted  from  the  meal  by  distilled  water.  A  tw'o  per  cent. 
sodium  chloride  solution  extracted  18.5  per  cent.,  and  a  0.2  per 
cent,  potassium  hydroxide  solution  extracted  nearly  all  of  the 

*  Communicated  by  the  Chief  of  the  Bureau. 

V.  Am.  Chem.  Soc,  39,  309-315   (February,  1917). 
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])r(;tciii.  or  jj.3  ]>cr  cciil.  I'y  mixiiij4-  the  meal  with  three  times 
its  weiglit  of  10  per  cent.  scKhiini  chloride  sokition,  and  this  mix- 
ture f^ronnd  in  a  mill  to  break  up  the  cells,  20.5  per  cent,  of  pro- 
tein was  extracted  (N  X  <^)-^5)-  Dialysis  of  salt  extracts  of  the 
jack  bean  against  distilled  water  yielded  about  10  per  cent,  of  pure, 
dr}-  globulin,  based  on  the  weight  of  the  meal  used.  The  globulin 
was  so  soluble  in  salt  solutions  that  it  could  not  be  precipitated  by 
diluting  these  solutions  with  water.  After  the  globulins  had  been 
removed,  about  1.5  per  cent,  of  an  albumin  was  isolated  as  a  floc- 
culent  coagulum  from  the  dialysate  by  heating  the  latter  to  75  to 
80°.  The  globulin  of  the  jack  bean  is  not  identical  with  phaseolin, 
isolated  by  Osborne  from  the  kidney  bean  (Phascolus  vulgaris). 
Concanavalin,  the  globulin  present  in  the  jack  bean  in  the  smaller 
amount,  and  which  is  the  less  soluble,  was  precipitated  from  a 
one  per  cent,  salt  extract  of  the  meal  by  adding  ammonium 
sulphate  to  0.6  of  saturation.  The  precipitate  was  filtered  off,  re- 
dissolved  in  water,  and  dialyzed  until  free  from  sulphates.  Can- 
avalin  was  obtained  by  making  the  filtrate  from  the  concanavalin 
completely  saturated  with  ammonium  sulphate.  The  chief  dif- 
ference between  canavalin  and  concanavalin  lies  in  their  sulphur 
content ;  namely,  0.48  and  t.io  per  cent,  respectively.  It  is  evident, 
from  the  analyses  of  these  two  globulins,  that  only  a  small  amount 
of  concanavalin  can  be  present  in  the  mixture  of  globulins  ob- 
tained by  dialysis,  since  the  sulphur  content  of  canavalin  and  the 
mixture  of  globulins  are  practically  the  same.  Canavalin  contains 
3.17  per  cent,  of  basic  nitrogen.  The  albumin,  which  contains 
3.73  per  cent,  of  basic  nitrogen,  resembles  the  legumelins  which 
have  been  described  bv  Osborne  and  his  co-workers. 


THE    PROTEINS    OF    THE    PEANUT    (ARACHIS    HYPOG^A).^ 
By  Carl  O.  Johns  and  D.  Breese  Jones. 

From  the  Protein  Investigation  Laboratory,  Bureau  of  Chemistry, 
Department  of  Agriculture,  Washirgton,  D.  C. 

[abstract.] 

The  recent  increase  in  the  production  of  peanuts  in  the  United 
States  has  stimulated  a  special  interest  in  the  peanut  from  an 
economic  standpoint.  The  proteins  of  the  peanut  have  received 
but  little  attention.     The  only  published  experiments  seem  to  be 

^The  Journal  of  Biological  Chemistry,  vol.  28,  77   (1916) 
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those  described  by  Rittliaiiscn  in  a  paper  which  appeared  in  1880. 
The  present  investigation  has  shown  that  the  proteins  of  the  pea- 
nut consist  chietly  of  two  globuhns,  aracliin  and  conarachin.  A 
small  amount  of  albumin  has  also  l>een  isolated.  The  investiga- 
tions were  carried  out  on  oil-free  peanut  meal  obtained  by  pressing 
out  most  of  the  oil  from  raw  Virginia  peanuts  by  means  of  an 
Anderson  expeller.  The  resulting  press  cake  was  then  ground  to 
a  fine  meal  and  the  residual  oil  removed  by  extraction  with  petro- 
leum ether.  This  meal  contained  18  per  cent,  of  nitrogen,  equiva- 
lent to  45  per  cent,  of  protein  (X  X  5-5 )•  By  extracting  the 
meal  with  10  per  cent,  sodium  chloride  solution.  2^^  per  cent,  pro- 
tein, based  on  the  weight  of  meal  used,  is  dissolved  at  room  tem- 
perature, 78  per  cent,  of  which  was  actually  isolated  in  pure  form 
by  diluting  the  salt  extract  with  five  to  six  volumes  of  distilled 
water,  or  by  saturating  with  carbon  dioxide.  The  same  globulins 
were  also  obtained  by  dialysis  of  the  salt  solution.  Arachin  and 
conarachin  were  isolated  by  means  of  fractional  precipitation  of 
the  protein  extracted  by  salt  solution. 

Arachin,  which  represents  the  greater  part  of  the  total  globu- 
lins, is  the  less  soluble  of  the  two,  and  is  precipitated  when  in  10 
per  cent,  salt  solution  by  adding  ammonium  sulphate  to  0.2  of 
saturation.  After  filtering  off  the  arachin,  conarachin  can  h^  ob- 
tained by  dialysis,  or  by  saturating  the  filtrate  with  ammonium 
sulphate.  The  greatest  difference  between  these  two  globulins  is  in 
percentage  of  sulphur;  namely,  0.40  and  1.09  per  cent,  respect- 
ively. Another  striking  difference  is  shown  by  the  figures  repre- 
senting the  distribution  of  nitrogen,  particularly  in  the  percentage 
of  basic  nitrogen,  being  4.96  and  6.55  per  cent,  respectively.  The 
percentage  of  basic  nitrogen  in  the  mixture  of  these  globulins  is 
also  high,  being  5.23  per  cent.  So  far  as  known,  conarachin  con- 
tains more  basic  nitrogen  than  any  other  seed  globulin  yet  ex- 
amined. From  the  results  obtained  it  seems  probable  that  peanut 
press  cake  will  prove  to  be  highly  effective  in  supplementing  food 
products  made  from  cereals  and  other  seeds  whose  proteins  are 
deficient  in  the  basic  amino-acids. 
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KAFIRIN,    AN    ALCOHOL-SOLUBLE    PROTEIN    FROM    KAFIR 

(ANDROPOGON  SORGHUM).' 

By  Carl  O.  Johns  and  J.  F.  Brewster. 

From  the  Protein  Investigation  Laboratory,  Bureau  of  Chemistry 
Department  of  Agriculture,  Washington,  D.  C. 

I  ABSTRACT.] 

Hitherto  no  study  has  been  reported  on  the  proteins  of 
kalir.  The  seeds  used  in  this  investigation  were  grown  in  Kansas, 
and  were  of  the  variety  known  as  dwarf  katir.  The  ground  seeds 
contained  11.7  per  cent,  of  protein  (N  X  6.25),  7.9  per  cent,  of 
which  was  extracted  from  the  meal  l^y  boihng  60  per  cent,  alcohol. 
There  was  isolated,  by  the  use  of  alcohol  ranging  from  60  to  70 
per  cent.,  5.2  per  cent,  of  the  pure  protein,  kafirin.  In  its  ultimate 
composition  kafirin  closely  resembles  zein  from  maize.  While  zein 
is  very  soluble  in  70  per  cent,  alcohol  at  all  temperatures,  kafirin 
requires  a  large  quantity  of  the  same  strength  of  alcohol  to  effect 
solution.  Kafirin  is  much  more  soluble  in  hot  than  in  cold  alcohol, 
and  even  rather  dilute  solutions  will  give  a  jelly  on  cooling.  On 
this  account  it  was  necessary  to  use  large  volumes  of  alcohol,  and 
to  filter  the  extracts  while  hot.  Kafirin  coagulates  easily,  while 
an  alcohol  solution  of  zein  does  not  coagulate  when  heated. 
Kafirin  differs  conspicuously  from  zein  in  the  percentage  of  amide 
and  basic  nitrogen,  being  3.46,  2.97  and  1.04  and  0.49  per  cent, 
respectively.  A  further  difference  exists  between  kafirin  and  zein 
in  the  proportion  of  the  diamino  acids  which  these  proteins  yield. 
Kafirin  contains  lysine  and  tryptophane,  both  of  which  are  lacking 
in  zein,  and  which  are  necessary  for  animal  nutrition. 


D-MANNOKETOHEPTOSE:    A    NEW    SUGAR    FROM    THE 

AVOCADO.' 
By  F.  B.  LaForge. 

[abstract.] 

The  ripe  fruit  of  Persea  gratissima  contains  a  ketose  of  seven 
carbon  atoms  w-hich  w^as  isolated  in  the  crystalline  condition  and 
found  to  be  d-mannoketoheptose.  Its  formula  was  established 
by  analysis  of  its  bromphenyl  hydrazon  and  phenyl  osazon  and  by 
a  comparison  of  the  latter  derivative  wnth  the  osazon  of  man- 
noaldoheptose :  also  by  the  fact  that  it  yielded  the  two  epimeric 
mannoheptits  on  reduction  with  sodium  amalgam.  The  melting- 
point  of  the  new^  sugar  was  152°  and  its  specific  rotation  +  29°. 
It  was  not  fermentable  with  yeast  and  w^as  not  changed  by  bromine 
in  aqueous  solution.    This  is  the  first  heptose  to  be  found  in  nature. 

^Journal  of  Biological  Chemistry,  vol.  28,  59   (1916). 
^Journal  of  Biological  Chemistry,  vol.  28,  2  (January,  1917). 


THE  FRANKLIN  INSTITUTE 


{Procccd'i)i(js  of  the  Sf>t\ial  Mcctiiuj  held  Monday,  June  Jj,   1917) 

Hall  of  The  Franklin   Institlte, 

Philadelphia,  June  25,  1917. 

\'ice-President  Coleman  Sellers.    Jr..  /;;  the  Chair. 

The  Chairman  announced  that  the  meeting  was  called  for  the  purpose 
of  transferring  certain  property  devised  to  the  Institute  by  the  late  William 
H.  W'ahl  to  the  Institute's  Board  of  Trustees  and  called  upon  Mr.  Louis 
E.   Levy  to  present  the  necessary  resolution. 

Mr.  Levy  then  offered  the   following  resolution  : 

*'Rcsoh'cd.  That  the  title  to  premises  1806  Harlan  Street,  in  the  City 
of  Philadelphia,  being  a  part  of  the  devise  to  The  Franklin  Institute  for  the 
Promotion  of  the  Mechanic  Arts  under  the  will  of  William  H.  Wahl,  de- 
ceased, and  known  as  the  'John  H.  Wahl  Fund."  be  conveyed  to  the  Trustees 
of  The  Franklin  Institute  in  accordance  with  Article  I.  Section  i,  of  the 
By-Laws  of  the  Institute,  and  that  the  President  and  Secretary  be.  and  they 
are,  hereby  authorized  and  directed  to  execute  the  deed  for  the  same." 

After  being  duly  seconded  it  was  passed  unanimously. 
Adjourned.  R.  B.  Owens. 

Seeretarv. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  of  Proceedinys  of  the  Stated  Meeting  held   ]Vednesd<i\\  June  6, 

1917.) 

Hall  of  the  Franklin  Institute, 

Philadelphia.  June  6,  1917. 

Mr.  Wm.  Chattin  Wetherill  in  the  Chair. 

The    following   report    was    presented    for    first    reading : 

Xo.  2694. — Lewis  Machine  Gun. 
T"he    following    report    was    presented    for   final   action. 

Xo.  2687. — Brinell  Meter.  Recommended  that  Edward  Long- 
streth  Medals  of  Merit  be  awarded  to  Albert  Ringland  and 
Frank  H.  Schoenfuss,  of  Philadelphia.  Pa.,  for  their  joint  in- 
vention  of   this   device. 

R.  B.   Owens, 
Secretary. 
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(Stated  Meeting,   Board   of  Managers,  June    13,    1917.) 

RESIDENT. 

Mr.  EuwAKn  J.  Brady,  Engineering  Research,  The  United  Gas  Improvement 

Company,  3101  Passyunk  Avenue,  Philadelphia,  Pa. 
Mr.  Wai.tkr  F.  Hagkr,  Jr.,  Manufacturer,  Secretary  and  Treasurer,  Keystone 

Screw  Company,  Seventeenth  and  Lehigh  Avenue,   Philadelphia,  Pa. 

NON-RESIDENT, 

Dr.  Raimundo  Cabrera,  Hotel  Martinique,  New  York  City,  N.  Y. 

CHANGES    OF    ADDRESS. 

Mr.  John  W.  Brassingtox,  251  Oak   Street,  Holyoke,  Mass. 

Mr.  John  A.  Capp,  62  Bedford  Road,  Schenectady,  N.  Y. 
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Mr.  S.  L.  Hayes,  West  Point,  Ga. 
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Mr.  C.  L.  McIlvaine,  1925  North  Second  Street,  Harrisburg,   Pa. 
Mr.  Robert   S.   Redfield,    Barnstable,    Mass. 
Mr.  W.  H.  Sharp,  1811  Chestnut  Street.  Philadelphia,  Pa. 
Mr.  Victor  W.  Zilen,  Route  No.  i,  Box  139.  Chattanooga,  Tenn. 
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Mr.    G.   W.    Creighton,   General    Superintendent.    Eastern    Pennsylvania 
Division,  Pennsylvania  Railroad  Company,  Altoona,  Pa. 
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Report,  1915-1916.    New  Orleans,  La.,  1917.     (From  the  Commissioners.) 
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tile  Fiscal  Year  ended  Decetnher  .^i,  i(;i().  New  \'(>rk.  i<;i6.  (  I'rom 
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New  York  State  l^^ngineer  and  Surveyor,  Annual  Report  for  the  I'iscal 
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Parke.  Davis  and  Company,  Collected  Papers  from  The  Research  Labora- 
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Preliminary    Mathematics,    by    Prof.    F.    E.    Austin,    B.S.,  E.E.,  Hanover, 

N.   H.     Published  by  the  Author,    191 7.     IV   +    169  pages.     4^   x  7^/^ 

inches.     Price,  $1.20. 

The  vocational  or  trade  school  student  generally  desires  to  abbreviate 
as  far  as  possible  the  highly  essential  mathematical  preparation  pre- 
scribed as  a  prerequisite  to  the  pursuit  of  the  professional  subjects  of 
his  course  of  study.  As  many  such  courses  are  conducted,  there  is 
scarcely  any  valid  reason  why  this  preparation  should  not  be  quite  brief, 
in  keeping  with  the  elementary,  but  none  the  less  practical,  character  of 
subsequent  study.  Moreover,  the  students  in  these  special  courses  are  often 
making  their  first  acquaintance  with  mathematics,  and  a  brief  course  cov- 
ering considerable  ground  is  an  efficient  means  of  giving  a  quick  insight 
into  its  practical  application  and  a  stimulating  method  of  inducing  further 
study. 

Preliminary  mathematics  is  designed  on  this  plan  and  covers  the 
elements  of  arithmetic  and  algebra  usually  taught  in  the  lower  schools. 
In    accordance    with    modern    ideas,    the    two    subjects    are    developed    to- 
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getlier,  except  in  the  opening  chapters  on  fundamental  notions  of  luini- 
her  and  arithmetic  operations,  hut  throughout  all  succeeding  presentations 
the  relationship  hetween  numerical  and  algehraic  operation  is  kept  in 
sight. 

Modern  text-books  on  algebra  make  free  use  of  graphs  to  visualize 
in  a  convincing  manner  the  meaning  of  positive,  negative,  and  imaginary 
quantities,  antl  variables  and  functions.  For  some  reason  the  author  ap- 
pears to  have  studiously  avoided  such  diagrams.  Imaginary  quantities, 
however,  are  not  mentioned.  It  is  perhaps  difficult  to  include  in  an  ab- 
breviated text  everything  that  may  seem  needful  to  the  varied  types  of 
users,  and  omissions  of  matter  to  meet  particular  requirements  are  in- 
cvitalile.  For  instance,  among  others,  an  explanation  of  maxima  and 
minima  of  second-degree  functions  would  be  exceedingly  useful  to  many 
users.  The  book  contains  a  large  number  of  problems  and  an  unusually 
large  number  of  them  worked  out  in  detail,  a  feature  of  value  to  the 
student  depending  wholly  on  his  own  resources.  The  addition  at  the  end 
of  the  volume  of  several  college  entrance  examination  papers  with  their 
solutions  supplies  a   satisfying  test  of  progress. 

LUCIEN    E.    PiCOLET. 

The  Method  of  Enzyme  Action,  by  James  Beatty,  M.A.,  M.D.,  D.P.H., 
with  an  introduction  by  Professor  Starling,  M.D.,  Sc.D.,  F.R.S.  Phila- 
delphia, P.  Blakiston's  Son  and  Company,  1917.  138  pages  and  index, 
8vo.     Price,  $1.75  net. 

This  work,  written  and  printed  in  England,  is  an  interesting  example 
of  how  the  scientists  of  that  country,  even  in  the  storm  and  stress  of 
a  struggle  greater  than  any  that  it  has  had  to  encounter  since  the  days  of 
the  Armada,  can  yet  find  opportunity  to  discuss  the  most  intricate  prob- 
lems, for  the  topic  covered  by  the  book  is  one  of  the  most  complex  and 
difficult  of  all  physical  sciences,  withal  among  the  most  important.  The 
book  reflects  vividly  however,  the  actual  situation,  for  Professor  Starling, 
who  writes  the  introductory,  is  now^  Lieutenant-Colonel  Starling,  and 
dates  his  contribution  from  Salonika  in  January  of  this  year.  The  world 
has  long  been  familiar  with  two  letters  written  to  the  people  of  that  region  ; 
here  is  a  very  different  type  of  letter  written  from  that  region  and  marking 
a   great   change. 

Tlie  scope  and  general  character  of  the  book  can  be  briefly  set  forth 
by  a  quotation   from   Professor   Starling's   introductory : 

"  Life  can  be  regarded  as  a  development  in  the  presence  of  the  two 
essentials,  air  and  water,  probably  under  the  influence  of  the  energy  of  the 
sun's  rays.  Since  the  majority  of  vital  processes  are  associated  with  some 
form  of  ferment  action,  which  in  turn  is  always  connected  with  the  mobili- 
zation and  shifting  of  HO  and  H  ions,  life  itself  may  be  regarded  as  the 
dynamical  history   of  water." 

The  essay  is  an  attempt  to  explain  this  mobilization.  Space  does  not 
permit  the  setting  forth  of  the  manner  and  method  in  which  the  author 
proceeds  with  his  task.  The  work  is  an  interesting  and  useful  addition 
to  the   literature  of   an   important   and  difficult  phase  of  biologic  chemistry. 

Henry   Leffm ann. 
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Sliofi  Jixpoisc,  .liinlysis,  and  Control,  hy  Xiclu;las  'I'liicl  l-'icker,  con- 
sulting industrial  enjj:ineer  and  lecturer  on  factory  engineering  and  cost 
I)r()ducti()n  at  New  ^'()^k  I'niversity.  School  of  Commerce,  Accounts,  and 
I'inance.  236  pages,  plates,  tables,  Svo.  New  \'ork,  Engineering  Magazine 
Company,    1917.      Price,    $3. 

Principles  of  Agricultural  Chemistry,  by  G.  S.  Fraps,  Ph.D.,  chemist, 
Texas  Experiment  Station,  Agricultural  and  Mechanical  College  of  Texas: 
state  chemist.  501  pages,  illustrations,  8vo.  Easton,  Penna..  The  Chemical 
Publishing   Company,    1917.      Price.    $4.50. 

The  Microscope:  An  Introduction  to  Microscopic  Methods  and  Histol- 
ogy, l^y  Simon  Henry  Gage.  Professor  of  Histology  and  Embryology, 
Emeritus  in  Cornell  University.  Twelfth  edition,  rewritten.  472  pages, 
illustrations,  8vo.  Ithaca,  N.  Y.,  Comstock  Publishing  Company,  1917. 
Price,  $3. 

Ontario  Bureau  of  Mines,  twenty-fifth  annual  report,  1916,  vol.  25, 
part  i.  311  pages,  illustrations,  plates,  maps,  8vo.  Toronto,  King's  Printer, 
1916. 

The  Life  of  Robert  Hare,  An  American  Chemist  (1781-1858),  by  Ed- 
gar Fahs  Smith,  Provost  of  the  University  of  Pennsylvania.  508  pages, 
portrait,  plates,  8vo.  Philadelphia,  J.  B.  Lippincott  Company,  1917. 
Price,  $5. 

Reports  of  the  Progress  of  Applied  Chemistry,  issued  1)y  the  Society  of 
Chemical  Industry,  vol.  i.  1916.  335  pages,  illustrations.  8vo.  London, 
Tlie    Society,    1917.      Price,   5    shillings   6   pence. 

U.  S.  Bureau  of  Mines,  monthly  statement  of  coal-mine  fatalities  in 
the  United  States,  IMarch,  1917;  list  of  permissible  explosives,  lamps,  and 
motors  tested  prior  to  April  30,  1917,  compiled  by  Albert  H.  Fay.  24  pages, 
8vo.      Washington,    Government    Printing   Office,    1917. 

Concrete  Tile  for  Laud  Drainage.  12  pages,  illustrations.  8vo.  Chicago. 
Portland   Cement   Association,    1917. 

The  Utilities  Magazine,  March.  1917,  vol.  ii.  No.  2.  Philadelphia.  The 
Utilities  Bureau,  bimonthly.     Price,  $5  per  year. 
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Development  of  the  Coherer.  E.  C.  (jKKKX.  {Ccucral  lilcctric 
Nc':'ic7<',  vol.  XX,  Xo.  5,  May,  1917.) — Ihc  electric  wave  detectini^ 
device,  first  known  as  the  Uranly  tube  and  later  as  a  coherer,  has  been 
the  subject  of  much  research.  Many  experimenters  in  past  years 
noticed  that  a  number  of  metals,  when  powdered-,  were  practically 
non-conductors  when  a  small  electromotive  force  was  im])ressed  on 
tbe  loosely-compressed  i)articles,  while  they  became  good  conductors 
wdien  a  high  electromotive  force  was  a])plied.  This  knowledge  can 
be  traced  as  far  back  as  1835  to  Monk  of  Rosenschoeld,  who  de- 
scribed the  permanent  increase  in  conductivity  of  a  mixture  of  tin 
filings,  carbon,  and  other  conductors  caused  by  the  discharge  through 
them  from  a  Leyden  jar.  At  various  subsequent  intervals  the  sub- 
ject was  further  studied  by  C.  Varley,  S.  A.  X'arley,  Prof.  D.  E. 
Hughes,  and  Prof.  T.  Colzecchi-Onesti.  Hughes,  while  engaged  in 
research  work  on  the  microphone,  seems  to  have  discovered  the  im- 
portant fact  that  zinc  and  silver  filings  placed  loosely  in  a  tube  of 
glass  were  sensitive  to  electric  sparks  at  a  distance,  as  indicated  by 
their  sudden  change  in  resistance. 

In  1890,  Prof.  E.  Branly,  of  Paris,  published  an  account  of  a  very 
comprehensive  series  of  observations  on  the  same  subject  tbat  con- 
firmed the  work  of  previous  observers  and  added  a  great  deal  of  new 
information.  While  Professor  Hughes  seems  to  have  discovered  that 
loose  masses  of  pow^dered  conductors  are  sensitive  to  electric  sparks 
at  a  distance,  it  remained  for  Professor  Branly  to  make  conclusive 
observations  and  thoroughly  demonstrate  this  fact.  Branly's  work 
did  not  secure  the  notice  it  deserved  until  1892,  when  Dr.  Dawson 
Turner  described  Branly's  experiments  and  his  own  additions  to 
them.  Up  to  June,  1894,  when  Sir  Oliver  Lodge  described  the 
Branly  tube  in  a  lecture  before  the  Royal  Institution  and  first  gave 
it  the  name  "  Coherer,"  it  w^as  found  to  be  a  very  capricious  instru- 
ment ;  in  instances  highly  sensitive  to  electric  sparks,  and  then,  all 
conditions  being  apparently  the  same,  it  became  far  less  sensitive. 
The  metals  forming  the  most  reliable  coherers  w^ere  iron,  steel,  cop- 
per, brass,  and  zinc,  w^hile  the  noble  metals  were  much  less  reliable. 

The  man  who  really  made  the  coherer  famous,  Guglielmo  Mar- 
coni, began  his  w^ork  in  Italy  in  1894,  and  devoted  his  attention  to 
the  development  of  the  Branly  coherer.  He  made  a  systematic  study 
of  various  coherer  materials  and  selected  for  his  work  a  mixture  of 
95  per  cent,  nickel  and  5  per  cent,  silver  filings  carefully  sifted  to  the 
same  degree  of  fineness.  He  succeeded  in  producing  a  much  more 
sensitive  and  reliable  electric  wave  detecting  device  than  had 
previously  been  designed.     Marconi  then  proceeded   to  work  out 
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{lc\ices  for  tMiii)lc)yiiijT^  his  inii)rovcd  coherer  as  a  relay  upon  a  relay 
in  a  tclci^raphic  outfit  for  rcceivinj^  wireless  messaj^es.  This  last 
application  caused  world-wide  interest  in  the  coherer,  and  numerous 
experimenters  began  work  upon  it.  J3ecoherence  was  ])roduced  in 
the  metallic  filings  coherer  hy  tai)pi  4g,  slowly  re\-olving  the  tube.  T. 
Tomasina  was  the  first  to  use  magnetic  means  directly  for  producing 
decoherence.  He  placed  an  electromagnet  over  the  tube  and  in  series 
with  the  coherer  so  that  when  it  became  sensitive  the  magnet  was 
energized  and  lifted  the  granules  to  the  top  of  the  tube,  thus  pro- 
ducing decoherence.  This  method  has  been  applied  to  a  coherer 
developed  by  the  General  Electric  Company,  to  be  used  in  connection 
with  discharge  alarms  for  lightning  arresters,  high-frequency 
alarms,  etc. 

The  New  Military  Rifle.  A.  B.  Bowers.  (Scientific  Ameri- 
can, vol.  cxvi,  No.  19,  p.  474,  May  12,  1917.) — The  regular  army 
rifle,  while  in  most  respects  an  admirable  weapon,  is,  in  the  opinion 
of  many  competent  observers,  open  to  grave  objections  on  more 
than  one  ground.  In  the  first  place,  the  trigger  by  which  the  rifle 
is  discharged  is  located  below  the  stock,  between  narrow,  open- 
sided  guards,  which  are  far  from  sufficient  protection.  Moreover, 
the  manner  of  discharge,  by  pressure  of  the  forefinger  on  the  trig- 
ger, produces  in  many  cases  a  sidewise  and  downward  movement  of 
the  whole  barrel  sufficient  materially  to  afifect  accuracy  of  aim.  A 
far  greater  measure  of  inaccuracy  in  shooting  is  caused  by  the  short 
distance  between  the  sights.  The  back-  sight  is  too  far  forward — 
from  12  to  18  inches  from  the  eye.  This  defect  cannot,  however, 
be  remedied  ofif-hand,  for,  with  the  open  back-sight  used,  this  dis- 
tance is  necessary  for  accurate  focussing  of  the  two  sights  upon  the 
target.  Again,  many  users  of  rifles  carry  them  at  full  cock  so  that 
they  may  be  ready  for  instant  use  by  releasing  a  locking  device. 
Finally,  in  cold  weather  the  gloved  finger  is  too  stifif  to  manipulate 
with  safety  the  trigger  now  in  use. 

A  Brooklyn  inventor  claims  to  have  eliminated  these  various 
defects  in  a  new  gun  recently  patented.  He  has  substituted  for 
the  old  projecting  finger-trigger  under  the  stock  a  thumb- 
trigger  above  the  stock.  In  operation  it  is  only  necessary 
to  tighten  the  grip  of  the  hand  slightly  in  order  to  work  this 
trigger ;  and  at  rest  it  is  possible  to  guard  it  by  a  five-sided 
guard.  A  long  -sighting  range  has  been  obtained,  without  any  of 
the  disadvantages  enumerated,  by  attaching  a  peep-sight  to  the  fir- 
ing pin.  In  this  way  a  broad  base  is  obtained  sliding  in  closely-fitting 
guards  that  preserve  the  alignment.  Not  only  does  this  give  the 
desired  long-  sighting  range,  but,  bringing  the  back-  sight  to  within 
four  inches  of  the  eye,  it  permits  the  use  of  a  peep-sight  small  enough 
to  insure  accurate  aim.  The  conflict  between  cocking  and  locking  is 
automatically  eliminated,  for  the  base  of  the  peep-sight  so  completely 
covers  the  thumb-  trigger,  when  the  gun  is  at  cock,  that  the  necessity 
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for  lookinj:^  is  wliolly  icnioxcd.  I*'inally,  llic  motion  l)y  which  llic 
discliarge  is  acconiphslu'd  is  such  a  simple  one  that  it  can  he  made 
withont  the  shi^litest  (hfticnlty.  rec^ardless  whether  the  hand  l)e  hare 
or  gloved. 

Industrial  Lifting  Magnets.  J.  Vichniak.  (Le  Gcnic  C'nnl, 
vol.  Ixx,  Xo.  i().  p.  J53,  April  21,  19117.) — The  application  of  electro- 
magnets to  replace  the  familiar  crane  hook  in  handling  iron  and 
steel  materials  has  proved  of  great  value  in  materially  reducing  the 
labor  entailed  in  moving  ahout  such  material  in  the  course  of  manu- 
facture. .Mthough  the  principle  of  the  lifting  magnet  is  very  simjjle, 
it  was  only  after  nuich  experimenting  that  a  practical  design  was 
evolved  adapted  to  the  rugged  requirements  of  rapid  handling.  The 
calculation  of  lifting  power  for  materials  with  ])lane  surfaces  is  not 
complicated,  as  the  total  flux  and  strength  can  be  easily  computed. 
When,  however,  objects  of  irregular  shape  are  dealt  with,  it  is  only 
by  tentative  methods  that  the  best  proportions  of  the  magnet  can  be 
found  for  a  given  class  of  material. 

The  lifting  magnet  is  particularly  useful  for  material  not  easily 
shackled,  such  as  chips  from  machine  tools,  various  structural  dis- 
carded odds  and  ends,  and  also  to  material  of  regular  shape  of  mod- 
erate weight.  One  unique  application  is  in  handling  hot  billets.  These 
pieces,  difficult  to  attach  to  the  ordinary  crane  hook  when  hot,  are 
readily  raised  and  removed  by  the  magnet.  Special  water-cooled 
magnets  are  empoyed  for  this  service.  It  is  well  understood  that 
the  capacity  depends  upon  the  proximity  of  the  piece  to  be  lifted  to 
the  pole  face.  To  increase  the  capacity  when  lifting  irregular  pieces, 
the  Couffinal  works  at  Saint-Etienne  have  designed  a  magnet  with 
subdivided  vertically  movable  pole  faces.  These  subdivided  faces, 
by  their  vertical  movement,  conform  to  the  irregularities  of  the 
pieces  lifted  and  prevent  lateral  motion,  as  well  as  increase  the  lift- 
ing capacity.  Another  special  form  of  magnet  for  lifting  a  bundle  of 
rods  or  other  long  pieces  is  provided  w^ith  a  linkage,  somewhat  after 
the  manner  of  a  clam-shell  dredge  bucket,  operating  arms  that 
embrace  the  load  held  by  the  magnet.  Once  in  place,  the  magnet  is 
deenergized  and  the  load  is  transferred  to  the  arms,  thus  economizing 
current. 

Testing  Automobile  Engines  Electrically.  Anon.  {Electrical 
World,  vol.  69,  No.  12,  p.  557,  March  24,  1917.) — The  use  of  the 
generator  for  engine  testing  is  in  itself  an  old  device,  yet  there 
is  much  of  novelty  in  the  technical  applications  of  this  famliar 
process  in  the  testing-room  of  the  Toledo  plant  of  the  Willys- 
Overland  Company.  The  first  steps  in  the  testing  process  are 
to  mount  the  engine  on  the  testing  block  and  drive  the  engine  at 
500  r.  p.  m.,  using  the  generator  as  a  motor.  This  overloads  the 
motor  by  some  300  per  cent,  for  a  very  brief  period,  perhaps  one 
to  three  minutes,  at  the  end  of  which  time  the  friction  load  drops 
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to  normal.  Then  follows  a  half  hour's  run  at  the  same  speed,  with 
a  further  decrease  of  load  to  about  20  per  cent,  its  full  value.  At 
this  i)oint  the  speed  is  increased  to  700  or  800  r.  p.  m.,  at  which  it 
is  kept  for  an  hour  to  an  hour  and  a  half,  until  the  engine  is 
fairly  down  to  its  pro])er  friction  load.  The  oi)eration  is  then 
reversed,  the  engine  driving  the  electric  machine  as  a  generator 
and  delivering  energy  to  the  line.  Next  it  is  throttled,  for  half 
an  hour  to  an  hour,  to  about  lialf  load  on  the  generator;  then  the 
full  load  and  speed  are  maintained  for  an  hour.  B)'-  this  dupli- 
cate process  it  is  made  certain  that  the  engine  is  fully  down  to 
its  normal  performance  before  it  is  installed  in  the  car,  and  the 
load  of  some  of  the  engines  is  utilized  to  supply  mechanical  powder 
for  breaking  the  others  to  their  bearings. 

The  test-room,  which  is  120  feet  square,  contains  100  engine- 
testing  stands  arranged  in  ten  rows  of  ten  stands  each.  Each 
set  includes  a  lo-h.  p.,  500/1200  r.  p.  m.,  230-volt,  direct-current 
Westinghouse  type  S.  K.  shunt-wound  generator,  semi-enclosed 
on  the  commutator  end,  and  a  panelboard  carrying  control  equip- 
ment and  an  ammeter.  The  great  practical  advantage  of  this 
testing  system  is  not  only  to  save  power  by  the  double  use  of  the 
machines,  but  particularly  in  the  rapidity  and  facility  in  which 
the  tests  can  be  executed.  The  output  of  the  testing-room  is 
double  that  with  brake  equipment,  and  the  quietness  of  operation 
resulting  from  the  absence  of  belts  and  brakes  gives  the  operators 
a  better  opportunity  to  observe  the  working  of  the  engine. 

Brightness  and  Contrast.  J.  Kerr.  {The  Illuininating  Engi- 
neer, vol.  X,  No.  2,  p.  41,  February,  1917.) — For  a  couple  of  genera- 
tions or  more  it  has  'been  known  that  the  eye  has  great  powder 
of  adjustment  in  relation  to  light:  a  power  called  adaptation. 
Adapation  had  scarcely  b^en  suf^ciently  considered  in  practice 
and  was  not  clearly  defined  as  the  essential  factor  in  differences 
of  lighting  till  the  Society's  initial  investigations  in  1909-1910, 
dealing  with  the  subject  of  glare,  w^ere  conducted.  At  that  time 
the  view'  w^as  held  that  the  range  of  adaptation,  measured  by  the 
sensitiveness  of  the  eye  attained  in  the  dark,  was  twenty  or  thirty 
times  its  sensitiveness  in  daylight.  This  estimate  has  been  con- 
tinually raised  by  almost  every  worker  in  the  last  half-dozen  years, 
and  in  the  report  of  a  committee  of  the  American  Society  of  Illu- 
minating Engineers  it  is  stated  that  visual  sensibility  is  fully  a 
million  times  as  great  after  half  an  hour's  rest  in  darkness  as  in 
broad  daylight.  Adaptation  depends  upon  the  mechanism  of  the 
retina  and  is  quite  distinct  from  acconvmodation  of  the  eyes  by 
the  lens  and  the  action  of  the  iris. 

In  any  exact  vision  the  eyes  are  constantly  being  centred  so  as 
to  bring  the  image  upon  certain  sensitive  little  spots  on  the  retina, 
the  rest  of  the  retina  merely  giving  rough  orientaton.  In  reading, 
the  eyes  go  along  a  line  in  a  series  of  little  jumps,  fixing  a  series 
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of  such  spots  in  succession,  not  necessarily  in  contact,  hut  suffi- 
ciently near  to  j^ive  hints  of  words  which  the  hrain  can  use. 
For  exact  work,  the  more  nearly  monochromatic  the  lij^ht  (with 
its  ahsence  of  chromatic  aherration ),  the  clearer  the  imaji^e.  Too 
poor  an  imai^e  on  the  retina  may  he  caused  hy  ina(k'(|uale  li.i;ht. 
insufficient  contrast,  by  retinal  conditions,  or  by  veiling  from  the 
glare  of  extraneous  light,  as  from  a  shiny  page. 

Apparently  the  maximum  brightness  for  which  the  eye  is 
prepared  through  its  long  course  of  evolution  is  the  brightest 
sky,  apart  from  the  actual  image  of  the  sun.  This  amount  is 
generally  taken  at  2.5  to  3  candles  to  the  square  inch,  and  some 
such  amount  has  been  suggested  as  the  standard  for  any  \isil)le 
sources  of  light.  Indirect  lighting  may  accomplisli  this.  Indirect 
lighting  owes  its  restfulness  to  its  difFuseness  and  absence  of  high 
intrinsic  l)rilliancy  on  any  surface.  The  eye  is  saved  much  fatigue 
by  absence  of  violent  contrasts  and  by  not  having  to  pass  from  a 
comparative  dark  surface  to  an  incandescent  one  quite  suddenly. 
On  the  other  hand,  it  is  only  through  shadow^s  that  objects  are 
seen  ;  comj^aratively  shadowless  lighting,  while  useful  for  general 
illumination  or  examination  of  plane  surfaces,  reading  or  writing, 
is  not  so  useful  where  small  objects  or  textural  surfaces  have  to 
be  examined.  Direct  lighting  is  the  most  economical  method 
for  handling  objects  or  manufacturing  processes,  but  the  light 
source  should  be  kept  out  of  the  field  of  vision  or  shaded  down 
to  the  3-candle-power-per-inch  standard. 

The  matter  of  contrast  which  enters  into  the  ])roblem  of  illumi- 
nation is  of  great  importance  in  insuring  clear  vision  ;  excessive 
or  deficent  contrast  may  be  equally  troublesome.  Experiments  in 
the  United  States  indicated  that  vision  is  best  with  contrasts  about 
1:20,  but  was  possible  at  98:  100.  In  sunlit  scenes  out-of-doors, 
excluding  the  sun  itself,  contrasts  rarely  exceed  i  :  20,  indoors  not 
over  I  :  200,  although  window  frames  against  a  bright  sky  may 
give  a  contrast  i  :  10,000.  Experience  suggests  that  the  ratio  be 
kept  below  i  :  100.  In  full  daylight,  with  the  eye  adapted  to 
relatively  great  brightness,  even  an  incandescent  filament  may  not 
appear  very  glaring,  whereas  in  the  dark  a  lighted  match  held 
near  the  eye  produces  a  temporary  dazzle.  In  cinema  theatres 
the  illumination  of  the  screen  will  be  found  to  vary  from  0.5  foot- 
candle  to  I  foot-candle  or  more.  The  ratio  i  :  100  would  imply 
brightness  of  surroundings  of  about  o.oi  foot-candle,  extreme 
contrast  between  the  brightness  of  the  screen  and  the  general 
surroundings  being  objectionable. 

The  Photometry  of  Luminous  Substances.  A.  Block.  {The 
Ilhmiinating  Engineer,  vol.  x,  No.  3,  p.  76,  March,  1917.) — The 
measurement  of  the  brightness  of  fluorescent  and  phosphorescent 
substances  is  rendered  difficult  by  two  factors:  (i)  the  color  of 
the  light,  the  spectrum  of  which  usually  consists  of  bands  or  lines 
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situated  mainly  in  the  green  or  the  blue;  and  (2)  the  relatively  low 
luniinusity.  J)Oth  these  factors  tend  to  introduce  the  Purkinje  effect. 
Fortunately  the  chief  data  required  are  usually  relative,  and  one  can 
thus  work  throughout  with  a  colored  screen  placed  in  front  of  the 
c()in])arison  lamp,  and  designed  to  give  a  color  which  more  or  less 
matches  the  light  of  the  material  being  tested. 

If  absolute  values  of  brightness  are  desired,  allowance  must  be 
made  for  the  absorption  of  the  screen,  but  the  j)rocedure  for  ef- 
fecting this  introduces  all  the  physiological  difficulties  attendant  on 
heterochromatic  photometry  at  low  illuminations.  An  approximate 
color  match  can  be  obtained  with  relative  ease,  for  example,  by 
the  use  of  signal  green  glass  in  testing  phosphorescent  zinc  sulphide. 
But,  unless  the  spectral  composition  of  the  two  Hghts  compared  is 
substantially  identical,  errors  may  be  introduced  by  the  order  of 
luminosity  at  which  the  test  is  made,  the  part  of  the  retina  upon 
which  the  image  is  received,  and  perhaps,  also,  by  the  size  of  the 
photometric  surface  employed.  Various  photometric  methods  have 
been  devised  for  dealing  with  this  class  of  substances,  and  in  these 
a  color-matching  screen  is  almost  always  employed. 

A  point  to  be  borne  in  mind  in  speaking  of  photometrical  values 
of  self -luminescent  substances  is  that  the  luminosity  of  the  material 
in  powder  form  is  considerably  higher  than  w^hen  the  material  is 
mixed  with  varnish  or  other  substance  to  form  paint.  Moreover, 
the  thickness  of  the  layer  tested  to  some  extent  determines  the  foot- 
candle  value.  A  further  factor  which  may  influence  the  result  is 
the  treatment  of  the  substance  in  regard  to  exposure  to  light  before 
the  test.  In  the  matter  of  substances  like  Balmain's  compound 
this  is  obviously  a  matter  of  prime  importance,  but  with  materials 
depending  on  radio-active  excitants  for  their  luminosity  the  effect  of 
previous  light  action  is  apparently  not  yet  thoroughly  known.  It  is 
indeed  very  evident  that  for  the  systematic  specification  of  these 
self-luminous  substances  standard  test  conditions  still  remain  to  be 
worked  out. 
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BY 

W.  J.   HUMPHREYS, 

Professor   of  Meteorological    Physics,   United    States    Weather    Bureau. 

INTRODUCTION. 

The  physical  phenomena  of  the  earth's  atmosphere  are  ex- 
ceedingly numerous  and  of  great  importance.  Nevertheless,  the 
explanations,  even  of  those  well  understood,  still  remain  scat- 
tered through  many  books  and  numerous  journals.  Perhaps  this 
is  because  some  of  the  phenomena  have  never  been  explained, 
and  others  but  imperfectly  so,  but,  however  that  may  be,  it  is 
obvious  that  an  orderly  assemblage  of  all  those  facts  and  theories 
that  together  might  be  called  the  Physics  of  the  Air  would  be 
exceedingly  helpful  to  the  student  of  atmospherics.  An  attempt 
to  serve  this  useful  purpose  led  to  the  production  of  the  following 
chapters. 

The  author  begs  to  express  his  indebtedness  to  Prof.  C.  F. 
^larvin.  Chief  of  the  United  States  Weather  Bureau,  for  nu- 
merous helpful  criticisms,  and  to  Prof.  C.  F.  Talman,  Librarian 
of  the  United  States  Weather  Bureau,  for  valuable  aid  in  locat- 
ing original  sources. 


*  These  papers  on  the  Physics  of  the  Air,  constituting  an  official  report 
prepared  by  William  J.  Humphreys.  Professor  of  Meteorological  Physics  in 
the  Weather  Bureau,  are  published  by  The  Franklin  Institute  in  cooperation 
with  the  Weather  Bureau, 
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PART  I. 

Mccliauics  ,(nnl  llicriiuxiynamics  of  the  Atmosphere. 

ClIAPTKR    T. 
OBSERVATIONS. 

Before  discussing  any  of  the  physical  laws  of  the  atmosphere 
it  will  be  instructive  l)riet1y  to  consider  the  observational  data 
upon  which  they  are  based;  that  is,  to  enumerate  the  meteoro- 
logical phenomena  which  commonl}-  are  measured,  and  to  indi- 
cate in  each  case  the  type  of  instrument  generally  used.  No 
effort  will  be  made  to  describe  apparatus  in  detail,  nor  to  discuss 
the  minutiae  of  every  correction.  These  important  matters  are 
fully  taken  care  of  by  observers'  instructions  issued  by  the  United 
States  Weather  Bureau  and  other  meteorological  services.  Be- 
sides, they  pertain  to  the  technique  of  the  collection  of  data  rather 
than  to  the  science  deduced  therefrom,  which  latter,  and  not 
the  former,  is  the  object  of  the  present  discussion. 

MEASURED    PHENOMENA. 

Temperature. — Probably  the  most  obvious,  satisfactory  defi- 
nition of  temperature  describes  it  as  tliat  thermal  state  of  an 
object  zvhich  enables  it  to  communicate  heat  to  other  objects. 
W^henever  the  heat  ifiterchange  that  always  takes  place  between 
two  objects  in  thermal  communication  results  in  a  net  loss  to 
the  one  and  gain  to  the  other,  the  temperature  of  the  former  is 
said  to  have  been  higher  than  that  of  the  latter.  If,  however, 
there  is  no  net  loss  or  gain  by  either,  the  objects  are  said  tO'  have 
the  same  temperature. 

Detection  of  net  loss  or  gain  may  be  accomplished  in  any  one 
cf  many  ways,  some  of  which  are:  change  of  volume;  change 
of  state;  change  of  electromotive  force,  and  change  of  electrical 
resistance.  All  these,  according  to  circumstances,  afiford  con- 
venient means  of  comparing  the  temperatures  of  different  ob- 
jects, and  of  establishing  a  scale  for  ready  reference.  Thus  the 
ordinary  mercury  thermometer,  the  alcohol  thermometer,  adapted 
to  low  temperatures,  and  others  of  this  nature,  are  based  on  the 
fact  that,  corresponding  to  equal  temperature  changes,  the  vol- 
ume expansion  of  the  vessel  is  not  the  same  as  that  of  the  con- 
tained   fluid.      Such   thermometers,    though    capable   of   a   high 


Fig.  I. — Thermometer  shelter  and  rain  gauge  for  cooperative  observers. 
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(Ici^rcc  of  accuracy,  arc  iiol  adapted  in  cheap  and  convenient  reg- 
istration, except  of  extremes;  tliat  is,  the  niaxiniuni  or  niinimuni 
temperature  reached  since  last  adjustment.  Nevertheless,  dif- 
ferential expansion  does  afford  several  means  of  obtaining  con- 
tinuous mechanical  registration  of  temperature.  The  most  com- 
pact and  satisfactory  apparatus  of  this  kind  in  general  use  con- 
sists essentially  of  a  curved  closed  tube  of  oval  cross-section 
— a  Bourdon  tube — completely  filled  with  a  suitable  licjuid.  In- 
equality of  expansion  between  tube  and  liquid  in  this  case  de- 
mands change  of  volume,  and  that  in  turn  changes  the  curvature 
of  the  tube.  Hence  by  making  one  end  of  the  tube  fast  and  con- 
necting the  other  with  a  tracing  point  it  at  once  becomes  possible 
to  obtain  on  a  moving  surface  a  complete  record  of  temperature 
changes.  The  unequal  expansion  of  the  two  sides  of  a  bimetallic 
strip  is  also  utilized  in  obtaining  temperature  registration. 

Variation  of  electrical  resistance  with  change  of  tempera- 
ture and  the  electromotive  force  at  a  thermal  junction  both  pro- 
vide means  of  measuring  temperature  changes  to  a  high  degree 
of  accuracy. 

In  the  case  of  the  atmosphere,  however,  temperature  com- 
monly is  measured  at  stated  intervals,  and  whenever  desired, 
by  the  readings  of  a  good  mercurial,  or,  in  very  cold  regions, 
alcohol,  thermometer  exposed  to  full  circulation  of  the  air,  but 
protected  from  both  solar  and  sky  radiation.  An  excellent  shel- 
ter for  this  purpose,  with  maximum  and  minimum  thermometers 
in  place,  is  shown  in  Fig.  i.  Normally,  of  course,  the  door  is 
closed.  A  less  accurate  but  continuous  record  of  atmospheric 
temperature  usually  is  secured  by  the  use  of  either  a  bimetallic 
or  a  Bourdon  tube  thermograph  (Fig.  2).  The  connection  be- 
tween the  thermal  element  and  the  tracing  point  may  be  either 
mechanical,  as  shown,  or  electrical.  In  the  latter  case  the  two 
may  be  separated  any  desired  distance,  the  first  placed  outdoors, 
say,  and  the  second  conveniently  located  in  an  office.  Other 
methods  of  measuring  and  even  continuously  recording  the  tem- 
perature of  the  air  have  been  devised,  though  at  present  they  are 
but  sparingly  used,  and  then,  as  a  rule,  only  for  special  purposes. 

Pressure. — The  pressure  of  the  atmosphere,  upon  the  distribu- 
tion of  which  winds  and  storm  movement  so  vitally  depend, 
ordinarily,  is  not  determined.  Measurements,  however,  equally 
good  for  intercomparlson,  are  made  to  which  it  is  directly  pro- 
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portional,  and  from  wliicli  ])ressiires  readily  nii^ht  be  cunipiited 
in  dynes  per  square  centimetre,  or  any  other  specified  units. 
On  land  the  measurement  usually  taken  for  this  purpose  is  the 
height  of  the  l)arometric  colunm:  that  is,  the  difference  in  level 
between  the  two  free  surfaces  of  a  continuous  mass  of  mer- 
cury, one  of  which  is  open  to  the  atmosphere,  the  other  in  vacuo, 
slightly  corrected  for  temperature  effects,  capillarity,  scale  errors, 
and  degree  of  vacuum.  From  this  corrected  height  and  the  local 
force  of  gravity  the  actual  air  pressure  is  easily  obtained.  Fur- 
ther, by  reducing  the  barometric  heights  simultaneously  obtained 
at  diff'erent  places  to  what  they  presumably  would  be  if  the  sta- 

FiG.  2. 


Thermograph. 

tions  all  had  a  certain  common  level — for  which  operation  appro- 
priate equations  are  used — data  are  obtained  which,  when  plotted 
on  a  map  of  the  region  concerned,  show  the  approximate  pressure 
distribution,  from  which,  in  turn,  the  strength  and  course  of  the 
winds  during  the  next  12  to  24  hours  may  be  closely  predicted. 

As  a  rule,  the  mercurial  barometer  is  read  by  eye  and  only 
as  occasion  may  require,  but  it  also  has  been  so  constructed  as  to 
give  excellent  continuous  records. 

The  aneroid,  or,  as  its  name  implies,  non-liquid,  barometer, 
though  involving  many  sources  of  error,  is  conveniently  portable 
and  capable  of  fairly  satisfactory  use  in  many  places — on  kites, 
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aeroplanes,  etc. — where  the  mercurial  barometer  would  be  wholly 
impracticable.  It  consists  essentially  of  a  disk-like  vacuum  cell, 
or  series  of  such  cells,  a  few  centimetres  in  diameter,  whose  cor- 
ruj^atecl,  flexil^le  toj)  and  bottom  are  held  a[)art  by  a  short,  stiff 
spring.  Any  change  in  the  atmospheric  or  external  pressure 
obviously  must  lead  to  a  corresponding  flexure  of  the  spring, 
which  motion  may  be  communicated  to  either  an  index  hand  or 
a  recording  pen.     Tn  the  ordinary  barograph    (Fig.  3)   the  pen 

Fig.  3. 


Barograph. 


commonly  is  actuated  by  a  number  of  aneroid  cells  placed  in 
series, 

Most  aneroids,  w^hether  single-  or  multiple-celled,  require 
careful  attention  and  frequent  comparison  with  a  standard  mer- 
curial instrument.  They  also  are  inherently  subject  to  lag  errors 
due  to  the  imperfect  elasticity  of  the  cells  that  vary  according 
to  the  pressure  conditions  and  the  characteristics  of  the  par- 
ticular instrument,  and  which,  for  accurate  readings,  must  al- 
ways be  allowed  for. 

Wind  Velocity. — The  velocity  of  the  wind  may  be  deter- 
mined by  triangulation  on  clouds,  balloons,  and  other  floating 
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objects;  by  noting  tbe  speed  of  rotation,  easily  automatically  re- 
corded, of  a  windniill  anemometer,  air  meter,  or  other  similar 
device,  and  applyinj^  the  necessary  corrections;  by  the  pressure 
on  a  flat  surface  scjuarely  facinj:!^  the  wind;  by  the  dittcrence 
in  level  l^etween  the  two  free  surfaces  of  a  liquid  in  a  U-tube 

Fig.  4. 


Robinson's  cup  anemometer. 

or  equivalent  vessel  when  one  surface  is  protected  and  the  other 
exposed  to  the  full  force  of  the  wind;  and  by  a  great  many  other 
but  generally  less  accurate  methods. 

The  Robinson  cup  anemometer  (Fig.  4)  appears  to  be  the 
most  convenient  and  reliable  instrument  wherever  it  can  be 
properly  exposed.     Rapid  velocity  changes,  manifesting  them- 
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selves  in  irregular  puffs  and  ui  great  importance  to  the  aviator, 
the  architect,  and  the  engineer,  generally  are  observed  and  re- 
corded by  some  quick-acting  pressure  apparatus,  such  as  the  Dines 
pressure  tube  anemometer  or  the  Pitot  tube. 

Wind  velocities  at  considerable  heights  in  the  free  air  com- 
monly are  obtained  by  triangulation  on  clouds,  or — less  satis- 
factorily, owing  to  constantly  changing  altitude — on  pilot 
balloons. 

Wind  Direction. — The  direction  of  the  wind,  as  the  term 
is  used  in  meteorological  literature,  always  means  the  direction 
froiti  which  the  wind  is  blowing  at  the  point  in  question.  It 
may  be  determined  approximately  by  the  course  of  smoke,  clouds, 
or  other  floating  objects,  by  the  set  of  a  wind  vane  (Fig.  5),  drift 
of  a  pennant,  flexure  of  trees,  or  other  simple  methods.  Vari- 
ous devices  for  automatically  recording  this  direction,  either  in 
its  entirety  or  for  only  selected  points,  are  possible,  the  simplest, 
perhaps,  being  electrical  and  under  control  of  contacts  made 
by  a  rod  connected  to  and  rotated  by  the  wnnd  vane.  In  common 
practice  only  a  small  number  of  directions,  usually  eight,  are 
registered,  each  covering  an  angle  of  45  degrees.  Hence  a  wind 
from  any  point  between  \\\  22.5"  S.  and  W.  22.5°  X.  is  regis- 
tered as  a  west  w^ind ;  and  similarly  for  the  other  octants.  This 
division  may  seem  very  coarse,  but  it  is  sufficient  for  most 
meteorological  uses. 

Hiunidity,  Definitions. — The  mixture  of  water  vapor  with 
the  permanent  gases  of  the  atmosphere  has  occasioned  a  number 
of  "humidity  problems''  over  which  the  student  is  in  danger  of 
becoming  more  or  less  confused.  And  this  danger  is  increased 
by  the  use  in  this  connection  of  the  same  w^ord  by  recognized 
authorities  to  connote  quite  different  ideas.  For  the  sake  of 
clearness,  therefore,  this  subject  will  be  briefly  discussed  under 
several  sub-heads. 

I.  Absolut e  Humidity. 

Two  entirely  different  definitions  are  in  use  for  the  common 
expression  ''absolute  humidity"  : 

a.  The  mass  of  w^ater  vapor  per  unit  volume. 

h.  The  gas  pressure  exerted  by  the  water  vapor  per  unit  area. 

According  to. the  first  definition,  the  absolute  humidity  may 
be  expressed  iii  terms  of  any  units  of  mass  and  volume,  as,  for 
instance,  grammes  per  cubic  metre. 


Fig.  5- 


Wind  vane  and  anemometer  support,  pattern  1913  (showing  4-foot  wind  vane  on  ball  bearings). 
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According  to  the  second  definition,  it  may  be  expressed  in 
terms  of  any  units  of  force  and  area — dynes,  say,  per  square 
centimetre ;  or  any  measurable  ])ressure  effect,  such  as  height 
of  tlie  mercury  cokimn  the  vapor  pressure  would  sustain. 

Accepting  the  simple  definition  a  as  being  correct,  as  every 
one  does,  it  remains  to  show  the  equivalence  to  it  of  definition  b. 
But  this  follows  at  once  from  the  well-known  fact  that  the 
pressure  exerted  by  any  constituent  in  a  uniform  mixture  of 
gases  is  to  the  total  pressure  as  the  number  of  its  molecules 
per  given  volume  is  to  the  total  number  in  the  mixture.  Vapor 
pressure,  therefore,  varies  directly  as  vapor  density,  or  mass  per 
unit  volume.  Hence  the  two  definitions,  a  and  b,  of  absolute 
humidity  are  equivalent  to  each  other,  for  any  given  temperature. 

11.  Relative  Humidity. 
Different  definitions  are  also  in  use  for  the  expression  ''rela- 
tive humidity" : 

a.  The  ratio  of  the  actual  to  the  saturation  quantity  of  water 
vapor,  at  the  same  temperature,  per  unit  volume. 

b.  The  ratio  of  the  actual  to  the  saturation  pressure  of  water 
vapor  at  the  same  temperature. 

In  these  definitions  the  expressions  "saturation  quantity"  and 
''saturation  pressure"  refer  tO'  the  maximum  quantity  of  water 
vapor  per  unit  volume  and  maximum  pressure  of  w^ater  vapor 
per  unit  area,  respectively,  that  can  exist  in  the  presence  of  a 
flat  water  surface,  at  the  given  temperature. 

HI.  Specific  Humidity. 

The  term  "  specific  humidity,"  occasionally  found  in  meteoro- 
logical literature,  means  the  weight  of  water  vapor  per  unit 
weight  of  moist  air. 

IV.  Dew  Point. 

The  expression  "dew^  point,"  as  used  in  humidity  tables  and 
elsewhere,  means  simply  that  temperature  at  which,  without 
change  of  pressure,  saturation  is  just  reached.  It  might  also  be 
defined  as  that  temperature  at  which  the  saturation  pressure  is  the 
same  as  the  existing  vapor  pressure. 

V.  Saturation  Deficit. 

"  Saturation  deficit,"  a  term  much  used  by  plant  physiologists, 
is  susceptible  of  several  definitions,  especially:  (i)  Amount  of 
water  vapor,  in  addition  to  that  already  present,  per  unit  volume, 
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graniincs  per  cul)ic  metre,  say.  necessary  lo  produce  saturation 
at  the  existing  temperature  and  pressure,  (j)  Difference  be- 
tween actual  and  saturation  pressure.  (3)  Ratio  of  the  vajxjr 
pressure  dertcit  to  the  saturation  pressure  at  the  existinjj;;  tem- 
perature.    The  third   is  rehuive,  the  others  absolute. 

Humidity,  Iitstnnncntation. — The  absolute  humidity,  in  the 
sense  of  mass  of  water  va[)()r  per  unit  volume,  can  be  determined 
])y  noting  the  increase  in  weight  of  phosphorus  pentoxide  or 
other  suitable  drying  agent  on  absorbing  a  known  volume  of 
the  vapor.  This  direct  determination  of  the  humidity,  however, 
is  impracticable  for  routine  observations. 

On  the  other  hand,  as  partial  pressure  ratios  are  independent 
of  temperature,  the  determination  of  the  absolute  humidity  in 
the  sense  of  vapor  pressure  merely  recjuires  finding  the  dew 
point  and  referring  it  to  a  table  of  predetermined  saturation 
pressures.  Similarly,  the  difference  between  the  current  and  dew- 
ix)int  temperatures  is  sufficient  to  determine,  from  suitable  tables, 
the  relative  humidity. 

The  dew  point  may  be  found  by  any  one  of  several  slightly 
dift'erent  methods,  all  of  which  have  for  their  basis  the  deter- 
mination of  that  temperature  at  which  moisture  just  begins  to 
collect  on  a  cooling  surface.  A  thin-walled  silver  tube,  burnished 
on  the  outside,  is  an  excellent  vessel  for  the  cooling  mixture. 
The  temperature  of  the  liquid,  if  well  stirred,  and  that  of  such 
a  tube  will  be  very  nearly  the  same.  and.  besides,  the  dulling  of 
the  surface  promptly  reveals  the  slightest  condensation. 

It  should  be  noted,  however,  that  if  carefully  taken  the  ob- 
served temperatures  of  the  silver  hygrometer  will  be  slightly 
below  the  actual  *'dew  point."  This  is  because  the  initial  deposit 
is  in  the  form  of  minute  droplets,  whose  vapor  pressure  is  greater 
than  that  of  a  flat  surface  at  the  same  temperature,  in  accordance 
with  the  equation,^ 

2Tp, 

Hipn—pv) 

in  which  ^p  is  the  pressure  dift'erence.  T  the  surface  tension, 
R  the  radius  of  the  droplet,  p,r  and  pi  the  densities  of  the  water 
and  the  saturated  vapor  respectively. 

At  ordinary  temperatures  and  for  droplets  whose  radii  are 
lO"-^  cm.   (a  possible  size)   the  temperature  depression,  or  error, 

^  Sir  William  Thomson,  Proc.  Roy.  Soc,  ed.  7,  p.  63  (1870). 
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Fig.  6  —Sling  psychrometer. 
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amounts  rou<;hly  to  0.02"'  C  According  to  the  e(|uation,  the 
error  obviously  might  have  any  value,  though  actually  it  seems 
always  to  be  small,  owing  to  limiting  values  of  R,  and  presum- 
ablv  also  to  other  causes;  that  is.  this  too,  like  many  other 
physical  equations,  has  its  limitations. 

In  taking  humidity  measurements  the  ol)server  must  be  care- 
ful that  his  presence  does  not  affect  the  amount  of  moisture  in 
the  air  under  examination — he  must  stand  to  the  lee  of  his 
apparatus.  It  is  also  advisable  to  average  the  temperature  at 
which  dew  just  forms  when  the  li(|uid  is  slowly  cooling  and 
that  at  which  it  just  disappears  when  the  liquid  is  slowly 
warming. 

A  more  expeditious  and  therefore,  for  routine  observations, 
a  correspondingly  more  practical  method  of  determining  vapor 
pressure  is  based  on  the  reliability  of  the  equation, 

f  =  fr  —  AB  (t  —  h) 
in  which  t  =  the  air  temperature. 

/i  =  the   evaporation   temperature:    that   is,  temperature   of   a  vigor- 
ously ventilated  wet  bulb  thermometer. 

/  =  the  vapor  pressure. 

/i  =  saturation  pressure  at  temperature  tu 

B  =  barometric  pressure. 

A^a.   number  that,   in   the   case   of   ample   ventilation,   varies   only 
with  /i.  and   with  it  but  slowly. 

When  /,  /i,  and  B  are  expressed  in  millimetres  of  mercury 
under  standard  conditions  and  t  and  t^  in  centigrade  values, 
/  =  /i  —  0.000660  B  {t  —  ti)   (i  +  0.00115  ti). 

In  practice  t  and  t^  commonly  are  obtained  with  a  properly 
constructed  and  adequately  exposed  (usually  whirled)  psychrom- 
eter  carrying  both  a  wet  and  a  dry  bulb  thermometer.  The 
sHng  psychrometer  (Fig.  6),  whirled  by  hand,  is  a  simple  device 
for  this  purpose.  The  observer  has  only  to  note  the  air  tem- 
perature, the  wet  bulb  depression  (that  is,  difference  between 
the  wet  and  dry  bulb  temperatures),  and  barometric  pressure. 
With  these  values  he  reads  oft'  from  tables  the  vapor  pressure  and 
the  dew  point. 

Assmann's  aspiration  psychrometer  (Fig.  7),  however,  ap- 
pears to  be  the  most  accurate  instrument  for  this  purpose.  This 
consists  of  two  parallel  double-walled  tubes,  silvered  to  minimize 
radiation  effects,  containing  a  wet  and  dry  bulb  thermometer, 
respectivelv,  united  into  a  common  stem  and  surmounted  by  a 
small  ventilating  fan. 
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Clouifincss. — The  degree  i)i  cloudiness  generally  is  expressed 
in  tenths  (estimated)  of  the  sky  actually  overcast. 

Kinds  of  Clouds. — As  an  indication  of  the  approaching 
weather  and  general  state  of  the  atmosphere,  the  kind  or  kinds 
of  clouds  present  is  more  important  than  the  mere  total  per- 
centage of   cloudiness.     For  convenient   reference  clouds  have 

Fig.  7. 
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Aspiration  psychrometer. 

been  divided  into  four  primary  and  nine  secondary  (combination, 
alto,  and  fracto)   forms. 
These  are : 
Primary     Forms  :     Cirrus — or     curl     cloud ;     stratus — or 
layer  cloud ;  cumulus — or  wool-pack  cloud :  and  nimbus 
— or  rain  cloud. 
Combination  Forms  :  Cirro-stratus,  cirro-cumulus,  strato- 

cumulus,  and  cumulo-nimbus. 
Alto  Forms:  Alto-stratus  and  alto-cumulus. 
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I'kacto  I^'okms:  l^Vactu-slratus.  fraclo-ciinuilus,  and  fracto- 
niiiil)iis. 

The  fore^oiiii^-  names  are  nsed  in  ilie  International  Cloud 
Classification,  now  i^enerally  accepted. 

It  will  be  noted  that  several  names  possible  in  accordance 
with  this  scheme  of  nomenclature  are  omitted,  even  though  a 
few  of  them  have  occasionally  been  used  in  certain  other  schemes 
of  classification.  Thus  there  is  no  cirro-nimbus,  for  the  reason 
that  rain  clouds  never  have  the  cirrus  form:  no  strato-nimbus, 
because  all  rain  clouds  are  flat:  no  alto-cirrus,  because  all  cirri 
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Rain  gauge. 

are  high ;  no  alto-nimbus,  because  rain  clouds  are  never  high ;  and 
no  fracto-cirrus,  because  cirri  are  always  broken  and  detached. 

Most  of  these  clouds  may  be  grouped  according  to  their  re- 
spective altitudes : 

Upper  Clouds  :  Cirrus,  cirro-stratus. 

Intermediate  Clouds:   Cirro-cumulus,   alto-stratus,   alto- 
cumulus. 
Lower    Clouds  :    Strato-cumulus,    nimbus,    f racto-nimbus, 
stratus,  fracto-stratus. 
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The  cumulus,  fracto-cumulus,  and  cumulo-nimbus,  all  caused 
by  diurnal  convection,  vary  in  altitude  from  low  to  intermediate. 

Precipitation. — The  amount  of  precipitation  is  measured  in 
the  actual  or,  in  case  of  snow,  equivalent  depth  of  horizontal 
water  layer.  The  details  in  respect  to  the  manner  of  catching 
and  measuring  precipitation  have  been  greatly  varied.  The  meas- 
uring, of  course,  is  simple  enough,  but  it  is  far  from  easy  to 
secure  a  correct  catch,  owing  chietiy  to  the  influence  of  the  vessel 
itself  on  the  wind  currents  over  and  about  its  mouth  and  the 
consequent  effect  on  the  amount  of  precipitation  actually  caught. 
The  details  of  a  simple  rain  gauge  are  shown  in  Fig.  8,  and  its 
installation  in  Fig.  i.  Many  gauges  are  provided  with  a  small 
tipping  bucket  just  beneath  the  spout  of  the  receiving  funnel,  by 
which  the  time  of  occurrence  and  rate  of  each  rainfall  are  elec- 
trically recorded  at  any  desired  place. 

Evaporation. — Evaporation  is  measured  in  terms  of  the  depth 
of  a  flat  layer  of  water,  of  area  equal  to  that  of  the  evaporating 
surface-  1  his,  too,  like  precipitation,  has  been  measured  by  many 
kinds  of  apparatus,  some  of  which  have  been  designed  wnth  the 
view  of  simulating  the  surface  of  leaves,  or  meeting  other  spe- 
cial conditions.  Many  attempts  have  also  been  made  to  find 
from  theoretical  considerations  a  correct  equation  between  rate 
of  evaporation  and  the  various  factors  upon  which  it  depends, 
such  as  shape  of  surface,  extent  of  surface,  temperature  of  the 
superficial  layer,  temperature  of  the  air,  humidity,  barometric 
pressure,  wind  velocity,  and  anything  else  that  might  be  consid- 
ered of  importance.  A  few  special  cases,  such  as  evaporation 
from  flush  circular  and  elliptical  water  surfaces  at  constant  tem- 
perature and  in  absolutely  stagnant  atmosphere,  appear  to  have 
been  completely  analyzed.^  But  this  work,  however  ingenious, 
has  contributed  very  little  to  the  solution  of  the  general  problem, 
because  in  Nature  water  surfaces  are  of  irregular  outline,  and 
all  the  factors  that  control  evaporation  in  such  a  maze  of  flux 
and  reflux  as  to  render  equation  testing  and  evaluation  of  con- 
stants of  doubtful  accuracy  and  value.  Evaporation,  therefore, 
like  most  biological  and  many  other  phenomena,  must  be  observed 
and  measured ;  it  cannot  be  computed  very  accurately  as  a  func- 
tion of  given  conditions. 

Sunshine. — Sunshine  generally  is  expressed  in  terms  both  of 

^  Stefan,  Sits,  der  K.  Akad.,  73,  943,  954  (1881). 
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hours  of  its  actual  and  percentage  of  its  pc)ssil)le  duration.  Jt 
is  recorded  automatically,  usually  through  electrical  contact  made 
or  broken  by  the  movement  of  a  mercury  piston  in  the  stem  of 
a  vacuum-enclosed  black  bulb  thermometer  ( I^^ig.  9);  bv  char- 
ring on  prepared  cards  in  the  focus  of  a  glass  sphere ;  or  by  photo- 
graphic traces  on  sensitized  paper. 

Radiation. — In  relation  to  the  atmosphere,   radiation    from 
three   sources  is  of  importance :   from   the   sun,    from  the  sky, 

Fig.  q. 


Sunshine  recorder. 


and  from  the  earth.  Each  may  be  measured  integrally  (that  is, 
in  terms  of  the  amount  of  energy  it  delivers  per  minute,  say, 
per  unit  normal  area  at  the  place  of  observation),  or  spectrally 
(that  is,  as  distributed  according  to  wave-length).  The  first 
kind  of  measurement,  the  integral,  usually  is  made  by  some  type 
of  pyrheliometer,  and  the  second  (so  far  applied  only  to  solar 
and  sky  radiation)   by  a  bolometer. 

Electrical  Condition. — ^leasurements  of  the  electrical  condi- 


Fig.  10 — Forty-foot  steel  wind   instrument  tower;   typical  installation  for  high  office  building 

(Lynchburg,  Va.,  January,  1914-) 
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tion  of  the  atmosphere  generally  are  confined  to  the  vertical  po- 
tential gradient,  determined  l)y  any  one  of  several  methods,  ioni- 
zation and  the  consequent  conductivity. 

Optical  PJicnofncna. — \'arious  optical  j)hcn(>mena  of  the  at- 
mosphere are  observed  and  recorded.  These  include,  especially, 
mirages,  sky  colors,  sky  polarization,  rainbows,  coronas,  and 
halos.  For  several  of  them — mirages,  sky  colors,  and  rain- 
bows— mere  eye  observations  are  sufficient.  Sky  polarization, 
however,  cannot  be  measured  or  even  detected  without  the  aid 
of  suitable  apparatus,  while  the  data  pertaining  to  halos  and 
even  coronas  are  far  more  valuable  when  they  include  accurate 
angular  measurements. 

Turbidity. — The  turbidity  or  haze  of  the  atmosphere,  whether 
caused  by  dust  particles  (dust  haze)  or  by  irregular  temperature 
distribution  (optical  haze  ).  though  often  a  matter  of  importance, 
seldom  is  measured,  and  even  then  only  indirectly,  since  the  usual 
method  is  to  note  the  maximum  distance  at  which  a  given  ob- 
ject or  certain  of  its  details  may  l)e  distinctly  seen.  Strictly 
speaking,  this  process  measures  only  transparency,  from  which, 
however,  the  inverse,  opacity,  may  be  inferred. 

Typical  Installation. — A  typical  roof  installation  of  the  more 
common  meteorological  instruments  is  shown  in  Fig.  lo.  The 
wind  vane  is  at  the  top  of  the  tower,  the  whirling  Robinson  cup 
anemometer  just  below  and  to  the  left  of  the  vane,  and  the 
sunshine  recorder  slightly  lower,  on  the  cage  or  platform  rail- 
ing. The  thermometer  shelter,  with  the  door  open,  is  in  the 
lower  portion  of  the  tower.  Finally,  two  rain  gauges — one 
simple,  the  other  tipping  bucket — are  shown  in  the  lower  left 
corner  of  the  picture. 

SOURCES    OF    METEOROLOGICAL    INFORMATION. 

As  a  further  introduction  to  a  discussion  of  the  physics  of 
the  air,  it  will  be  helpful  to  consider  a  sort  of  vertical  cross- 
section  of  the  atmosphere  as  a  whole  with  reference  to  the  sources 
of  meteorological  information  concerning  each  particular  level. 
Other  cross-sections  that  show  its  temperature,  pressure,  and 
composition  at  various  elevations  will  be  given  later.  Fig.  ii, 
an  adaptation  of  Wegener's  profile  of  the  atmosphere,^  indicates 
the  principal  present  sources  of  this  information  and  the  distribu- 
tion of  meteorological  phenomena  at  various  levels. 

^  Phys.  Zeitsch..  12,  Jahrg..  1911,  p.   170. 
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Mountains  and  other  irregularities  of  the  earth's  surface  make 
it  practicable  to  examine  the  atmosphere  minutely  and  to  record 
continuously  all  its  chan^^es  at  every  elevation  from  sea  level 
up  to  nearly  six  kilometres.  In  fact,  many  continu(nis  records 
have  already  been  obtained  at  the  summit  station  on  El  Misti, 
Peru,  whose  altitude  is  5852  metres.  Temporary  and  partial 
records  have  been  obtained  by  this  means  as  far  up  as  about 
7  kilometres,  but  no  higher,  since  this  is  the  limit  to  which  any 
one  has   ever  yet   been   able   to  climb.      But   all   such   records. 

Fig.  II. 


Sources  of  meteorological  information. 

whether  obtained  at  high  levels  or  low,  of  course  are  more  or 
less  affected  by  the  surface  conditions.  Hence  some  means  of 
obtaining  observations  and  records  other  than  apparatus  carried 
about  on  the  surface  of  the  earth  is  essential  to  a  knowledge 
of  the  conditions  and  movements  of  the  free  atmosphere.  One 
obvious  source  of  information  as  regards  motion  only,  and 
w^hich  has  been  extensively  used,  consists  in  the  observation  of 
clouds,  which  occur  at  all  levels  from'  the  bottom  of  the  atmos- 
phere up  to  II  kilometres,  or  thereabouts,  in  middle  latitudes, 
and  occasionally,  in  the  tropics,  even  as  high  as  15  kilometres. 
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Thcire  arc  several  methods  of  determining^  the  elevation, 
direction  of  motion,  and  velocity  of  clouds,  hut  all  depend  upon 
simple  processes  of  trian<^ulation.  Thus  simultaneous  transit 
ohservations  made  on  the  same  spot  in  a  cloud  from  two  sta- 
tions whose  elevations  and  distance  apart  are  known  ohviously 

Fic.   13. 


Sounding  balloon. 

furnish  all  the  data  necessary  for  an  easy  and  fairly  accurate 
determination  of  the  height  of  the  particular  spot  in  question, 
while  a  single  subsequent  observation  by  either  instrument  on 
this  spot,  provided  the  time  interval  between  the  first  and  second 
observations  is  known,  clearly  gives  all  the  additional  data  neces- 
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sary  to  the  dctorniination  of  its  velocity  and  direction  of  motion. 
Excellent  results,  also,  are  gotten  from  cloud  nej^atives  simul- 
taneously obtained  with  |)h{)toi2:raphic  transits  provided  with  Iklu- 
cial  lines.  In  this  way,  if  several  successive  exposures  are  made, 
the  heii^ht  and  movement  of  each  distin<^uishable  point   in   the 
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Sounding  balloon. 

cloud  can  be  determined,  and  therefore  not  only  the  general 
height  and  drift  of  the  cloud  as  a  whole,  but  also  its  dimen- 
sions and  something  of  its  internal  motions.  However,  the  gen- 
eral motion  of  the  wind  at  the  point  observed  and  time  of  ob- 
servation, though  interesting  and  often  valuable,  practically  is 
.all  the  information  about  the  atmosphere  that  clouds  give,  and. 
Vol.  184,  Xo.  iioo — 13 
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iiulccd,  some,  such  as  those  formed  Ijy  air  billows  over  mountain 
crests  and  elsewhere,  do  not  give  even  this.  I>esides,  they  are 
not  always  i)resent,  so  that  on  clear  days  even  this  modicum  of 
information  about  the  ui)i)er  air  would  be  impossible  to  obtain  if 
wc  had  no  other  means  of  investigation.  Ikit  there  are  others, 
the  most  fruitful  of  which  is  the  carrying  of  self-registering  ther- 
mometers, barometers,  hygrometers,  and  the  like  into  the  free  air 
by  means  of : 

(7.   Kites   (Fig.   12)   to  over  7  kilometres,  the  record  being 
7.26  kilometres. 

b.  Aeroplanes  ;  present  limit  about  8  kilometres. 

c.  Manned  balloons ;  maximum  elevation,  roughly,  1 1  kilo- 

metres. 

d.  Sounding  balloons  (Figs.  13  and  14),  with  a  record  of 

35.08  kilometres. 

e.  Pilot  balloons,  small  balloons  without  apparatus;  maxi- 

mum elevation  reported,  39  kilometres. 

The  registering  apparatus  sent  aloft  by  these  various  methods 
furnishes  reliable  information  concerning  the  composition  (in- 
cluding humidity),  temperature,  pressure,  direction  of  motion, 
and,  in  some  cases,  velocity  of  the  air,  from  the  surface  of  the 
earth  up  to  the  greatest  elevation  reached.  And  it  is  this  auto- 
matically recorded  information,  gathered,  with  but  little  excep- 
tion, since  the  beginning  of  the  tw^entieth  century,  that  has  so 
greatly  extended  our  accurate  knowledge  of  meteorology,  and 
done  so  much  to  make  of  it  an  interesting  and  profitable  branch 
of  both  theoretical  and  applied  physics. 

Beyond  the  reach  of  the  pilot  balloon,  or,  for  the  present,  at 
elevations  greater  than  39  kilometres,  our  information  of  the 
atmosphere  is  limited  to  such  deductions  as  properly  may  be 
drawn  from  the  height  of  the  twilight  arch — roughly,  75  kilo- 
metres; the  paths  of  shooting  stars,  rarely,  if  ever,  seen  as  high 
as  200  kilometres :  and  the  phenomena  of  the  auroras,  those  curi- 
ous and  but  partially  explained  electrical  discharges  that  seldom 
occur  at  a  lower  level  than  90  kilometres  or  higher  than  300. 

The  above  obviously  are  all,  or  nearly  all,  the  means  by 
which  our  knowdedge  of  the  atmosphere  has  been  obtained.  Up 
to  35  kilometres  it  is  comparatively  well  known,  but  beyond  that 
level  only  deductions,  growing  less  certain  with  increase  of  ele- 
vation, can  possibly  take  us  at  present,  or  at  any  time  until  higher 
soundings  have  been  made. 
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Chapter  11. 
somh  theoretical  temperature  relations  of  the 

atmosphere. 
\\  ITH  the  object  of  more  clearly  understanding  the  causes 
of  the  actual  distribution  of  temperature  in  the  atmosphere,  it 
will  be  convenient,  hrst,  to  consider  some  of  the  thermodynamic 
equations  of  gases,  especially  those  that  give  relations  between 
temperature,  pressure,  and  volume. 

If  to  a  unit  mass  of  air  or  other  gas  at  constant  pressure  p 
a  quantity  of  heat  dQ  be  supplied,  the  energy  so  added  will 
divide  itself  into  two  parts.  One  portion  will  change  the  tem- 
perature of  the  gas  and  the  other  will  change  its  volume.  Hence, 
if  the  work  is  expressed  in  its  heat  equivalent,  or  if  each  por- 
tion of  the  energy  is  expressed  in  heat  units  and  not  in  units  of 
work,  then 

d  Q  =  C,d  T  +  A  p  dV (i) 

in  which  Cv  is  the  specific  heat  of  the  gas  in  qfuestion  at  constant 
volume.  dT  and  dV  the  resulting  changes  in  temperature  and 
volume,  respectively,  and  A  the  reciprocal  of  the  mechanical 
equivalent  of  a  unit  of  heat. 

But  to  secure  the  relations  desired,  the  relation  of  p  to  T, 
for  instance,  when  both  are  variable,  it  is  necessary  to  have  an 
additional  equation  involving  dT,  dp,  and  dV.  From  Boyle's 
and  Charles's  laws,  we  have  the  equation. 

J  o 

which  expresses  the  fact  that  for  a  given  quantity  of  gas  the 
product  of  pressure  and  volume  varies  directly  as  the  absolute 
temperature,  T.  So  long,  then,  as  the  quantity  of  gas  involved 
and  its  temperature  are  constant,  so  also  is  the  product  pV. 
But  when  this  quantity  is  one  gramme  and  the  temperature  o^ 

po  Vo 

C.   it   is   convenient  to  speak  of   the   quantity,       7^^  »      as   the 

characteristic  constant,  R,  of  the  gas  in  question.  In  general, 
the"'  pV  =  RT, 

in  which  the  value  of  R  depends  solely  upon  the  kind  of  gas. 
Hence,  differentiating, 

p  dV  ^-  V  dp  =  R  dT (2) 

To  find  the  relation  between  dp  and  dT  in  an  adiabatic  proc- 
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CSS  (that  is.  a  process  in  llic  course  of  which  no  heat  is  either 
t^iven  to  or  taken  from  the  gas  involved,  such  as  closely  obtains 
in  the  case  of  rapidly  rising  or  falling  air),  it  is  only  necessary, 
by  aid  of  equation  (2),  to  eliminate  dV  from  ecjuation  (i) 
and  to  put  dQ  —  o. 
Thus 

C,  dT  +yl.(/e  dT  —  V  dp)  =  o 

or 

(C,  +  AR)  dT  =  AV  dp (3) 

Also,  since  the  excess  of  the  specific  heat  at  constant  pressure 
over  the  specific  heat  at  constant  volume  is  simply  the  amount  of 
heat  necessary  to  perform  the  external  work  incident  to  expan- 
sion as  a  result  of  increasing  the  temperature  1°  C,  we  have, 
C.,  —  C ^.  =  AW,  the  heat  equivalent  of  the  external  work. 
And  from  pV  —  RT,  we  get,  with  p  constant, 

p  dV  =  R  dT. 

If  dT  =  1°  C,  then  Ap  dV  is  the  heat  equivalent  of  the  ex- 
ternal work  done  as  a  result  of  increasing  the  temperature  of 
the  unit  mass  of  the  gas  in  question  1°  C.     Hence, 

C^,-C,  =  AR. 

On  substituting  this  value  of  R  in  (3),  w^e  get, 

Cp  dT  =  A  Vdp, 
or 

dT  ^AV  ^ART (4) 

dp        Cp         pCp 

From  this  it  appears  that  the  ratio  of  the  change  of  tem- 
perature to  the  change  of  pressure,  in  an  adiabatic  process,  is 
directly  proportional  to  the  absolute  temperature  and  inversely 
proportional  to  the  pressure. 

In  the  case  of  dry  atmospheric  air  at  ordinary  temperatures 
Cn  -  0.241,  about.^      Hence, 

dT  =  dp^^^' 
p  0.241 

But 

To         Po  To 
from  which,  assuming  po  to  be  the  pressure  in  dynes  per  square 
centimetre  when  the  barometer  under  normal  gravity  and  at  0° 

*  Moody,  Phys.  Rev.,  34,  p.  275  (1912). 
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C.  Stands  at  y()0  nun.,  and  that  fh.  \>  the  corresponding  density 
of  air  at  o    C,  il  t\)ll«>\vs  that.  nnnK'ricall\-. 

«=    ■<'33.3  X9.S,     ^_,,      x../^; 
0.001293  X  273 

and 


A  = 

4.19  X  lo' 

Therefore, 

dr  =  '"'  -  ''■    ■ 
p  3-5172 

and 

dT           „      ,lp 

In  the  special  case  where  the  pressure  is  one  atmosphere 
(barometer  reading-  760  mm.)  and  the  temperature  O"  C.  (273° 
absolute),  such  as  often  happens  on  the  surface  of  the  earth, 
an  adiabatic  change  of  pressure  represented  by  i  mm.  of  the 
barometer  produces  a  temperature  change  given  by  the  equation, 


dT  =    I    -^^     =o°.io2i3C. 
760  3-5172 


From  equation  (4)  we  get 


dT  ^dt>  AR 
T    ~    p    O 


Hence 


T,    AR.       p, 
I2      Cp  pi 


or. 


■:=tt)'^=(a"^er 


or, 


::=(^r 


If  we  wish  to  find  the  rate  of  adiabatic  cooling  with  change 
of  elevation,  dlu  a  matter  of  great  meteorological  importance, 
it  is  necessary  to  find  the  value  of  dp  in  terms  of  (///  and  sub- 
stitute in  equation  (4).  It  must  be  remembered,  too,  that  the 
pressure  p  decreases  as  the  height  li  increases. 
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Rut  -  dp  -  981  /'  (ill,  where  /'  is  the  density  of  the  gas  in 
question,  or 

,        981  dh       981  p  dh 
-dp=     -^=      ^,^,-- 

Hence,  by  substitution  in  equation  (4),  as  explained, 

dl    ^981  A  _       I       (^) 

dh  Cp  10293 

Clearly,  then,  when  the  atmosphere  is  dry  and  its  temperature 
decreases  with  increase  of  altitude  at  the  above  adiabatic  rate 
of  1°  C.  per  102.93  metres,  any  portion  of  it  transferred  with- 
out gain  or  loss  of  heat  from  one  level  to  another  has,  at  every 
stage,  the  same  temperature  and  density  as  the  adjacent  air, 
and  therefore,  if  abandoned  at  rest,  will  neither  rise  nor  fall.  H, 
however,  the  temperature  decreases  with  altitude  at  a  less  rate 
than  the  above,  an  isolated  mass  of  air,  on  being  adiabatically 
lifted  or  depressed,  becomes  colder  and  denser  or  warmer  and 
rarer,  respectively,  than  the  adjacent  air,  and  consequently,  if 
abandoned,  \vill  return  to  its  initial  level.  Finally,  if  the  tem- 
perature decrease  with  altitude  is  more  rapid  than  the  above  rate, 
an  isolated  mass  of  air,  on  being  elevated  or  depressed,  will  be- 
come warmer  and  lighter  or  colder  and  denser  than  the  adjacent 
air,  and,  if  permitted,  \\\\\  continue  to  rise  or  fall,  respectively, 
until  arrested  by  a  change  in  the  temperature  gradient,  or,  if 
descending,  perhaps  even  by  the  surface  of  the  earth. 

In  short,  the  atmosphere  is  in  neutral,  stable,  or  unstable 
equilibrium  according  as  the  temperature  decrease  with  increase 
of  altitude  is  the  same  as,  less  than,  or  greater  than  the  adiabatic 
rate  of  1°  C.  per  102.93  metres. 

From  equation  (5)  it  is  obvious  that  the  adiabatic  rate  of 
temperature  decrease  of  the  atmosphere  wnth  increase  of  alti- 
tude is  independent  alike  of  altitude,  temperature,  and  pressure, 
unless,  possibly,  its  specific  heat  at  constant  pressure  may  slightly 
vary  with  temperature  or  pressure,  or  both.  When,  however, 
the  composition  of  the  atmosphere  is  changed,  it  is  obvious  that 
its  specific  heat,  and  therefore  its  temperature  gradient,  must 
also  change.  Xow  the  chief  variable  constituent  of  the  atmos- 
phere is  water  vapor,  and,  since  its  specific  heat  is  approximately 
1.6  that  of  dry  air,  it  follow^s  that  the  greater  the  amount  of 
w^ater  vapor  present  the  less  rapid  wall  be  the  adiabatic  decrease 
of  temperature  with  increase  of  altitude. 
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Water  vapor  also  freciuently  causes  another  and  most  im- 
portant change  in  the  temperature  gradient.  As  soon  as  con- 
densation sets  in  the  latent  heat  of  vaporization,  and.  if  ice  is 
formed,  of  fusion,  is  liberated,  and  thus  the  rate  of  temperature 
decrease  with  altitude  is  reduced.  The  amount  of  this  reduction, 
often  at  least  half  the  original  value,  depends,  of  course,  shghtly 
upon  what  becomes  of  the  condensed  vapor.  If  it  is  carried  along 
with  the  rising  air  the  process  remains  adiabatic.  except  as  slightly 
modified  by  conduction  and  radiation,  but  if,  as  in  great  meas- 
ure must  hapi)en.  it  is  left  behind  as  precipitation,  then  the  process 
becomes  that  special  case  of  the  nonadiabatic  which  von  Bezold, 
followed  by  others,  has  called  pseudoadiabatic.  This  whole  sul>- 
ject  has  been  more  or  less  discussed  by  several  writers,  but  most 
fully,  first,  by  Hertz  '•  and,  later,  by  Xeuhoff.*^ 

Undoubtedly  much  of  the  condensation  drops  out.  or  begins 
to  drop  out,  as  soon  as  formed,  so  that  the  actual  temperature 
gradient,  while  lying  somewhere  between  the  really  adiabatic 
and  the  "pseudoadiabatic"  curves,  probably  follows  the  latter 
more  closely  than  the  former.  Presumably,  therefore,  in  prac- 
tice it  would  be  better,  or  at  least  quite  as  well,  to  determine 
the  latter  gradient  ( the  adiabatic  will  be  considered  later,  under 
''Condensation.'*  in  the  chapter  on  ''Humidity'* )  and  then  to  add 
such  corrections  to  it  as  the  circumstances  of  individual  cases 
suggest.     The  main  curve  can  be  determined  as  follows : 

As  before. 

dO  -  C,  dT  +  Ap  dv. 
But 

pV  -  RT,  (R  being  appropriate  to  the  existing  mixture  of  air  and 
water  vapor). 

Hence 

dO  -  C,dT  +  A{R  dT  —  ]'  dp) 

-  (C,  +  AR)dT  —  A  J'  dp 

-  C^,dT  —  A  ['  dp 
But 

-  dp  -  gpdh, 

where  g  is  gravitational  acceleration. 
Therefore. 

dO  -  C^dT  +  g  A  dh. 


^Deutsch.  Met.  Zeit.,  vol.  i.  1884,  p.  421. 

'Abh.  d.  K.  P.  Met.  Inst.,  vol.  i,  Xo.  6,  Berlin,  1900. 
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Xow  the  Ileal,  (10,  is  added  as  the  result  of  a  (|nantity  of 
water  vapor,  (kv,  l)eing  extraeted.     Ilenee 

dQ    -  —  s  d7.; 
ill  wliieli  .V  is  tlie  heat  of  \a])orizati()n,  and  therefore, 

—  s  dzc  -   C'l^dT  +  (J  .1  dh. 

From  this  equation  it  is  obvious  that  to  ol)tain  the  ratio  of 
dT  to  dh  in  terms  of  measurable  quantities  it  is  necessary  and 
sufficient  to  express  div  in  similar  terms. 

But 

IV     -     n  0.622     ^  . 
*^  b 

in  which  w  is  the  total  mass  of  water  vapor  per  cm.,''  p  the 
density  of  the  air,  0.622  the  ratio  of  the  molecular  weight  of 
water  vapor  tO'  the  weighted  mean  of  the  molecular  weights  of 
the  constituents  of  dry  air,  c  the  partial  pressure  of  the  water 
vapor  in  terms  of  millimetres,  say,  of  mercury,  and  h  the  height, 
in  millimetres,  of  the  barometer. 
Hence 

dw  _  de  _  dh^ 

web 


But,  \i  D  is  the  density  of  mercury. 
Hence 


pdh       Dbgdh 
—  IJ  ab  =  p  all  =    j?T  ~       RT 


and 

Hence,  bv  substitution, 


db  _       dh 
b   ~  ^  RT 


de  dh 

dw  =  w  ^  -r  "^'g   Dj^ 


or 


and 


Cp  dT  +  sw      +  swg    -—  +  gA  dh  =  o 
e  Kl 


(^^  +  -rlr)^^  +  (f^+'0^''  =  ° 


^  V     ^  RT    I 


dT  ^_  "\       '    RT   I (6) 

dh  ^     ,  de 

Cp  +  sw    ^^^^ 
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All  the  terms  on  llio  ri^ht-hand  side  of  this  c(|uation  arc 
known  for  any  dehnite  tenii)eratnrc  and  assnnied  value  of  dT. 
From  this  ecjuation.  therefore,  tables  can  be  written  and  curves 
constructed  that  i^ive  the  "i)seudoadial)atic*'  ^n'adient  under  all 
conditions  of  temperature  and  pressure. 

Chapter  III. 

OBSERVED  VERTICAL  TEMPERATl'RE  CJRADIENTS. 

The  temperature  of  the  surface  air  is  well  known  at  many 
places  and  at  various  altitudes,  from  sea  level  up  to  about  six 
kilometres.  But  the  temperature  records  obtained  by  the  aid  of 
kites  and  balloons,  both  manned  and  free,  show  that  the  mountain 
air  temperatures  generally  differ  materially  from  the  tempera- 
ture of  the  free  air  at  the  same  elevation  and  latitude. 

According  to  Hann,"  the  average  temperature  of  the  surface 
decreases  approximately  at  the  rate  of  1°  per  each  180  metres, 
200  metres,  and  250  metres  increase  of  elevation  on  mountains, 
hills,  and  plateaus  respectively.  In  the  free  atmosphere,  how- 
ever, the  result  is  cjuite  different.  Here  the  decrease  of  tempera- 
ture with  increase  of  altitude,  except  at  very  great  elevations, 
is.  roughly,  the  same  at  different  parts  of  the  world. 

The  records  obtained  by  kites,  manned  l^alloons,  and  sound- 
ing balloons,  of  course,  all  agree,  so  far  as  they  apply  to  the  same 
levels,  but  as  the  free  or  sounding  balloon,  with  its  automatically 
registering  apparatus,  has  gone  far  higher  than  either  manned 
balloons  or  kites,  and  as  ascensions  by  it  have  been  quite  numerous, 
only  the  records  thus  obtained  will  be  considered  in  what  follows. 
Again,  and  for  the  sake  of  still  further  uniformity,  the  first  part 
of  the  discussion  will  be  confined  to  only  those  records  which  were 
obtained  at  ^Munich,  Strassburg,  Trappes,  and  Uccle,  four  Euro- 
pean stations  of  about  the  same  latitude  and  more  or  less  similar 
climates.  It  seems  also  desirable  to  divide  the  records  of  verti- 
cal temperature  distribution  according  to  season,  winter  (Decem- 
ber, January,  February,  and  ^larch)  and  summer  (June,  July, 
August,  and  September),  and  prevailing  type  of  weather,  or, 
to  be  more  exact,  the  height  of  the  barometer,  high,  low,  and 
neutral.  Spring  and  fall  observations  will  not  be  used  in  the 
tvpical  or  most  general  temperature  distributions,  ownng  to  the 

^  "  Lehrbuch  der  Meteorologie,"  3d  ed.,  p.  126. 
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transitional  nalnrc  ol  these  seasons,  or  the  overlai)i>in<;'  and  con- 
fusion at  these  times  ot'  summer  and  winter  conditions. 

At  the  time  these  data  were  assembled,  the  early  part  of  1910, 
all  the  published  records  of  the  stations  mentioned  were  used, 
there  hein^  52  winter  records  and  O3  summer  records.  A  larger 
numher  of  (lights  would,  of  course,  furnish  a  somewhat  more  reli- 

Fk;.   is;. 


Alt. 

-60°-55'*-50°-45»-4cy-35"-30°-2S'*-20°-15'' -10"  -5°      0°      S"*      10"    15° 

Alt. 

km. 

19 

16 

17 

16 

15 

14 

13 

12 

11 

10 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 
0.5 

km. 

19 

16 

17 

16 

15 

14- 

13 

12 

11 

10 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1-0 
0.5 

0° 

' 

1 

\ 

\ 

\ 

V. 

\ 

\ 

> 

L 

\ 

V 

^^ 

\ 

^ 

^-^'^ 

/^ , 

s. 

V 

^^1 

X 

^fc 

.^ 

^ 

V 

s_   /* 

s. 

(^ 

N! 

'(^^y, 

^^ 

^t 

^T 

N 

st^ 

^J^ 

X 

A- 

^ 

^O 

\, 

<§i< 

k 

s 

N 

ki 

\, 

s 

> 

^ 

\, 

\, 

N 

\ 

\, 

\ 

\ 

\, 

^ 

s 

\ 

s. 

> 

\ 

^ 

\ 

-6 

5" -60° -55°  ^C -45° -40^ -35° -SO'' -25*" -20    -15° -10°  -5°     0°      5°      10°    15°  2 

Winter  and  summer  vertical  temperature  gradients. 

able  average,  but,  as  the  several  stations  gave  substantially  the 
same  results,  it  would  seem  that  no  great  change  would  be  made 
in  the  season  averages,  however  large  the  number  of  combined 
observations. 

F^§^-  15  gives  the  average  wdnter  and  summer  vertical  tem- 
perature gradients  of  the  stations  in  question,  or  the  graphs 
obtained  by  plotting  the  average  of  the  observed  temperatures 
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of  the  ^iven  season  against  the  correspondin*^  aUitudes  at  which 
they  were  ohtained. 

A  nunil:>er  of  interesting  ])()ints  are  l)r()ught  out  by  these 
two  curves,  each  of  which  calls  for  an  explanation.  Among  other 
things,  the  two  gradients  are,  roughly,  ])arallel  to  each  other 
throughout  their  whole  range.  This  is  l)ecause  the  tempera- 
ture of  the  atmosphere  from  top  to  bottom  is  determined  l)y  the 
same  factors  in  the  winter  that  determine  it  in  the  summer;  that 
is,  by  radiation,  conduction,  and  convection,  all  mainlv  from  the 
surface  of  the  earth  and  the  lower  atmosphere.  Since  all  these 
factors  are  less  in  winter  than  in  summer,  it  follows  that  their 
combined  result,  the  temperature  of  the  higher  atmosphere,  must 
also  be  less  at  every  level ;  hence  the  substantial  parallelism  of 
the  two  gradients. 

Again,  it  appears,  as  shown  by  the  figure,  that  up  to  about 
23/2  kilometres  the  temperature  decreases  less  rapidly  with  in- 
crease of  elevation  during  winter  than  it  does  during  summer. 
The  reason  for  this,  while  not  quite  obvious,  will  become  apparent 
from  the  following  considerations : 

The  surface  of  the  earth,  which  is  a  much  better  radiator  than 
the  atmosphere,  often  cools,  especially  during  clear  nights,  to  a 
decidedly  lower  temperature  than  the  air  loo  metres  or  so  above 
it.  Hence  late  at  night,  when  the  sky  is  clear  and  there  is  no 
wind,  the  temperature  near  the  surface  usually  increases  with 
increase  of  elevation,  and  even  when  there  is  sufficient  wind  to 
prevent  this  "temperature  inversion,"  as  it  is  called,  the  lower 
atmosphere  still  is  colder  than  it  otherwise  would  be.  Obviously, 
too,  the  amount  of  this  surface  cooling,  and  therefore  the  mag- 
nitude of  the  temperature  inversion,  depends  jointly  upon  the  rates 
of  radiation  to  and  from  the  sky  and  the  time  involved.  Xow 
the  rate  of  the  output  of  surface  and  lower  air  radiation  is  less 
in  winter  than  in  summer,  both  because  of  their  lower  tempera- 
tures at  that  time  and  because  the  atmosphere  then  contains  less 
water  vapor,  its  chief  radiating  constituent.  Hence,  although, 
owing  to  higher  temperatures,  both  the  radiation  loss  from  the 
surface  of  the  earth  and  adjacent  air  and  their  radiation  gain 
from  the  upper  air  are  greater  in  summer  than  in  winter,  the 
difference,  or  net  loss,  may  usually  be  less. 

At  any  rate,  partly  for  this  reason,  it  may  be,  but  mainly 
because  of  the  relatively  greater  length  of  the  nights  and  greater 
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dryness  and  conse(|iient  (liatherniacy  ()f  the  atmosphere,  the  total 
surface  cooh'nj^,  and  therefore  the  niorninq-  temperature  inver- 
sions, is  much  more  pronounced  in  u  inter  than  in  summer.  Hence 
the  averaj^e  decrease  of  temperature  with  increase  of  elevation 
thnju^h  the  first  one  or  two  kilometres  is  decidedly  less  during 
tile  colder  than  (luring  the  warmer  season. 

Another  peculiarit\-  shown  h\-  the  curves  is  the  fact  that  be- 
tween the  elevations  of  approximately  four  and  eight  kilometres 
the  temperature  decreases  rather  more  rapidly  during  winter  than 
summer.  Throughout  this  region  the  temperature  of  the  at- 
mosphere depends  in  part  upon  convection  from  low-er  levels  and 
in  part  upon  its  gain  and  loss  of  heat  through  radiation.  But 
even  this  midair,  or  radiational,  change  in  temperature  can  result 
only  in  innnediate  convection.  Consequently,  so  long  as  satura- 
tion is  not  reached,  the  convectional  temperature  gradient  must 
be  very  approximately  that  of  a  totally  dry  atmosphere.  If,  how- 
ever, condensation  takes  place,  the  latent  heat  of  vaporization  be- 
comes sensible  heat,  and  the  decrease  of  temperature  with  increase 
of  altitude  is  correspondingly  less.  When  a  condensation  tem- 
perature gradient  is  once  established  in  this  mid-region  of  the 
atmosphere  it  tends  to  persist,  even  after  condensation  has  ceased 
and  the  clouds  have  evaporated,  because,  \vhatever  condition — 
the  presence  or  absence  of  sunshine,  for  instance — produces  a  tem- 
perature change  in  one  part  of  it  is  likely  to  produce  similar 
temperature  changes  in  other  parts,  and  therefore  a  dry  air  adia- 
batic  variation  for  each  level,  a  variation  which  would  leave  the 
general  temperature  gradient  substantially  as  before.  We  should, 
then,  expect  to  find  the  average  vertical  temperature  gradient  fol- 
lowing, roughly,  the  gradient  for  saturated  air  for  the  given  tem- 
perature, and  such,  indeed,  are  the  gradients  actually  found. 

Hence,  as  the  atmosphere  between  the  elevations  of  four  and 
eight  kilometres  is  Cjuite  out  of  the  reach  of  surface  inversions, 
and  as  it  is  also  warmer  and  more  humid  during  summer  than 
during  winter,  we  should  expect  the  summer  temperature  of  this 
region  to  decrease  less  rapidly  with  increase  of  altitude  than  does 
the  winter  temperature,  precisely  as  balloon  records  show  to  be 
the  case. 

Another  point  brought  out  by  Fig.  15  is  the  fact  that  up  to 
eight  kilometres,  or  thereabouts,  the  ratio  of  the  decrease  of  tem- 
perature to  increase  of  altitude  itself  increases  with  altitude.    The 
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explanation  of  this  phenomenon  is  precisely  the  same  as  that  of 
the  difference  hetween  the  winter  and  snnimer  gradients  from 
iimv  to  eii^ht  kilometres.  That  is  to  say,  it  depends  upon  the 
amount  of  water  vapor  necessary  to  produce  saturation  at  the 
various  levels,  since  the  less  this  vaix)r  is  in  proportion  to  the 
total  gases  present  the  more  nearly  does  the  actual  temperature 
gradient  follow  the  adiahatic  curve  for  dry  air. 

One  striking  feature  of  each  of  the  temf)erature  gradients  is 
its  gradual  change,  between  the  levels  of  nine  and  twelve  kilo- 
metres, from  a  rapid  decrease  of  temperature  with  increase  of 
elevation  to  an  approximately  isothermal  condition.  Normally, 
however,  the  temperature  gradient  changes  from  a  rapid  to  prac- 
tically a  zero  decrease,  and  even,  as  usually  recorded,  to  a  slow 
increase  of  temi>erature  with  increase  of  elevation,  much  more 
abruptly  than  one  would  infer  from  the  given  curves.  But  this 
more  or  less  abrupt  change  varies  considerably  in  altitude  from 
day  to  day.  Therefore,  when  a  large  number  of  actual  gradients 
are  averaged  an  apparent  gradual  transition  is  indicated. 

Two  other  features  calling  for  some  attention  are  shown  by 
the  lower  portion  of  the  summer  gradient:  namely,  the  fact  that 
through  the  first  half  kilometre  the  temperature  decreases  but 
slowly,  and  the  further  fact  that  through  the  second  half  kilo- 
metre it  decreases  more  rapidly  than  anyw^here  else,  short  of 
very  considerable  altitudes.  Now^  nearly  all  the  observations 
from  W'hich  this  summer  gradient  was  constructed  were  obtained 
during  the  early  forenoon.  Hence  the  average  slow  decrease  of 
temperature  with  increase  of  elevation  is  the  result  only  of  ordi- 
nary morning  inversions.  On  the  other  hand,  the  rapid  decrease 
of  temperature  through  the  second  half  kilometre  is  expressive 
of  the  adiabatic  gradient  of  unsaturated  air  that  commonly  exists 
during  summer  afternoons  up  to  a  level  of  at  least  one  kilometre. 
In  this  case  it  has  persisted  in  its  upper  portion  throughout  the 
night,  and  been  modified,  as  explained,  by  temperature  inversions 
only  in  its  lower  half. 

Chapter  IV. 

THE   ISOTHERMAL   REGION,    OF    STRATOSPHERE. 

Of  all  the  conditions  indicated  by  the  temperature  gradients 
of  Fig.  15,  by  far  the  most  surprising,  and  most  difficult  fully 
to  explain,  is  the  approximately  isothermal  state  of  the  upper 
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atmosphere.  Indeed,  the  (hscovery  of  the  fact  that  the  tempera- 
ture of  tlie  upper  atmosphere  changes  but  Httle  with  altitude,  and 
the  supplementary  discovery  of  its  physical  explanation,  constitute 
one  of  the  most  important  advances  in  modern  meteorology. 

ihe  exploration  of  the  atmosphere  by  small  balloons  carrying 
meteorological  instruments  was  suggested  in  1809,"  but  the  idea 
was  first  carried  out  by  Idermite '*  on  March  21,  1893.  when 
an  elevation  of  16  kilometres  w^as  attained.  In  April,  1898, 
Teisserenc  de  Bort,*^'  with  improved  apparatus,  began  at  Trappes, 
France,  a  long  series  of  frequent  atmospheric  soundings.  Among 
other  things,  he  soon  found  temperature  records  that  indicated 
something  unsuspected :  either  errors  in  the  thermometers  them- 
selves or  surprising  temperature  conditions  in  the  upper  atmos- 
phere. However,  numerous  temperature  records  subsequently  ob- 
tained by  himself  and  many  others  in  various  countries  and  with 
different  kinds  of  apparatus  have  shown  that,  in  general,  the  tem- 
perature of  the  upper  atmosphere  actually  does  change  but  little 
with  change  of  elevation.  Indeed,  as  a  rule,  the  change  is  so 
small  that  the  w^hole  region  characterized  by  this  approximate 
constancy  of  temperature  has  been  called  the  ''  isothermal  region." 
At  present  it  is  more  generally  know^n  as  the  ''stratosphere," 
though  the  older  and  less  used  term  certainly  is  more  suggestive 
of  its  distinguishing  characteristic. 

The  height  at  which  this  region  begins  and  its  temperature 
both  depend  upon  season,  upon  storm  conditions,  and  upon  lati- 
tude ;  but,  while  all  these  are  important  details,  they  are  secondary 
to  the  fact  that  there  is  an  isothermal  region  at  all. 

As  soon  as  observations  left  no  doubt  of  the  actual  existence 
of  the  isothermal  region  many  explanations  of  it  were  proposed, 
but  for  a  number  of  years  all  such  suggestions  proved  unavailing. 
Finally,  how'ever,  independently  and  nearly  simultaneously,  the 
generally  accepted  explanation  occurred  to  Gold  ^^  of  England 
and  Humphreys  ^^  of  America.  The  same  subject  has  also  been 
discussed  at  length  by  Emden.^"^  The  key  to  the  explanation  is 
this :  The  temperature  of  every  portion  of  the  atmosphere   is 

\4nn.  Harvard  Obs.),  68,  pt.  i,  p.  i. 

^  L'Aerophile,  1,  p.  45  (1893). 

''C.  R.,  129.  p.  417  (1899). 

"  Proc.  Roy.  Soc,  series  A,  vol.  82.  150Q,  p.  43. 

^^  Astrophys.  Jour.,  vol.  29,  1909,  p.  14. 

^^  Site,  dcr  K.  Bayr.  Akad.  dcr  Wis.,  Jahr.,  1913,  p.  55. 
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deterniined,  in  ])art  al  least,  by  coiintcraclinj;  radiation  -radia- 
tion absorbed  and  ra(bation  emitted — and  wberever  tbese  two  are 
e(|ual  there  is  snl)stantial  constancy  of  leniperalure. 

Mr.  (iold's  nietliod  of  procedure  was  to  take  the  best-known 
data  concerning  atmospheric  al)sorption  and  ra(halion  and  to  ol)- 
tain,  b\-  tlie  aid  of  snital)le  mathematics,  a  general  solution  of  the 
j)roblem.  The  chief  difliculty  in  the  application  of  this  direct 
and  elegant  method,  ai)art  from  the  troublesome  e(|uations  in- 
volved, is  due  to  our  imperfect  knowledge  oi  the  necessary  radia- 
tion and  absorption  constants.  Numerical  values  in  these  particu- 
lars are  not  accurately  known  and  certainly  not  easy  to  determine. 

On  the  other  hand,  the  solution  offered  by  Humphreys,  while 
not  so  direct,  reduces  the  necessary  mathematics  to  a  minimum. 
In  brief,  it  is  as  follows:  Since  the  average  yearly  temperature 
of  the  atmosphere  at  any  given  place  does  not  greatly  change, 
it  follows  that  the  absorption  of  solar  radiation  by  the  earth  as 
a  whole  is  substantially  equal  to  the  total  outgoing  earth  radiation, 
and  in  amount  approximately  equal  to  that  which  a  black  or  per- 
fectly radiating  surface,  equal  in  area  to  the  surface  of  the  earth 
would  emit  if  at  the  absolute  temperature  259°  C.^^  Further, 
since  at  ordinary  atmospheric  temperatures  water  vapor,  in  any 
considerable  quantity,  absorbs  and,  presumably,  also  radiates  sub- 
stantially as  does  a  black  body  at  the  same  temperature,  while 
dry  air  is  exceedingly  diathermanous,  it  follows  that  the  plane- 
tary radiation  of  the  earth  is  essentially  water  vapor  radiation. 

Now  the  records  of  sounding  balloons  show  that  at  some  alti- 
tude, in  general  about  1 1  kilometres  above  sea  level  in  middle 
latitudes,  the  average  temperature  ceases  to  decrease  with  increase 
of  elevation.  Individual  flights  show^  many  peculiarities  that  call 
for  special  explanation,  but  the  purpose  here  is  to  consider  only 
the  general  explanation  of  the  main  effect,  and  therefore  average 
conditions  are  considered. 

If.  then,  as  is  approximately  true,  the  temperature  does  not 
decrease  with  increase  of  altitude  above  1 1  kilometres,  it  follows 
that  this  must  be  the  limit  of  anything  like  a  marked  vertical 
convection.  And  from  this  in  turn  it  follows,  since  conduction 
is  negligible,  that  the  upper  atmosphere  must  be  warmed  almost 
wholly  by  absorption  of  radiation,  in  part  solar  and  in  part  ter- 

^*  Abbot   and    Fowle,    Annals   of   the  Astrophysical   Observatory   of  the 

Smithsonian  Institution,  vol.  2,  p.  174. 
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rcstrial;  but  exactly  liow  iiuuli  of  llic  final  Icinpcrature  of  the 
upper  atmosphere  is  due  lo  the  one  source  of  heat  and  h(nv  nuich 
to  the  other  it  is  not  i)ossil)le  to  say.  I  lowever.  there  are  certain 
fads  that  seem  clearly  to  indicate  the  relative  importance  in  this 
respect  of  the  two  sources.  Thus  the  summer  and  winter  gradients 
as  given  by  hig.  15  show  a  difference  of  temperature  in  the  iso- 
thermal region  of  only  about  the  amount  that  might  be  expected 
on  the  assum])ti()n  that  the  temperature  of  the  upper  air  is  wholly 
dependent  upon  the  radiation  from  the  loux'r.  That  is  to  say, 
the  seasonal  temperatures  of  the  lower  atmosphere  differ  dis- 
tinctly more  than  do  those  of  the  upper.  It  should  be  clearly 
ke])t  in  mind,  too,  that  the  particular  seasonal  gradients  given 
in  Fig.  15  were  obtained  at  a  latitude  of,  roughly,  50  degrees, 
where  the  number  of  hours  of  summer  and  winter  sunshine  differ 
greatly,  and  therefore  where  the  seasonal  temperature  of  the  iso- 
thermal region,  if  essentially  determined  by  absorption  of  solar 
radiation,  should  differ  somewhat  correspondingly.  But,  as  no 
such  great  difference  in  these  temperatures  exist,  it  would  ap- 
pear that  the  temperature  of  the  isothermal  region  must  be 
chietiy  due  to  absorption  of  long  wave-length  radiation  given  off 
by  the  water  vapor  and  other  constituents  of  the  atmosphere  at 
lower  levels,  and  to  onl}-  a  very  minor  degree  to  the  absorption 
of  solar  radiation.  Hence,  as  a  first  approximation,  one  may 
consider  this  radiation  alone,  and  for  the  lower  atmosphere  as  it 
actually  exists  substitute  the  radiationally  equivalent  black  shell  at 
the  absolute  temperature  of  259°  C.  Obviously,  too,  this  sur- 
face, surrounding  as  -it  does  the  entire  earth,  may  be  regarded 
as  horizontal  and  of  infinite  length  and  breadth  in  comparison  to 
any  elevation  attainable  b}^  sounding  balloons. 

Now  consider  two  such  surfaces,  parallel  and  directly  facing 
each  other,  with  distance  apart  small  in  comparison  to  their  width, 
and  having  the  absolute  temperature  To,  and  let  an  object  of 
any  kind  whatever  be  placed  at  the  centre  of  the  practically  en- 
closed space.  Obviously,  according  to  the  laws  of  radiation,  the 
final  temperature  of  the  object  in  question  will  also  become  ap- 
proximately T2.  If,  now,  one  of  the  parallel  planes  should  be 
removed,  the  uncovered  object  would  be  in  substantially  the 
same  situation,  so  far  as  exposure  to  radiation  is  concerned,  as 
is  the  atmosphere  of  the  isothermal  region  in  its  exposure  to  the 
radiation  from  the  lower  atmosphere.     Of  course,  each  particle 
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of  the  upper  air  receives  some  radiation  from  the  adjacent  atmos- 
phere, but  this  is  small  in  ct)mparis(»n  to  that  from  the  lower 
water  vapor  and  may.  therefore,  provisionally  \hi  neglected. 
Hence  the  problem,  as  an  approximati(jn.  is  to  find  the  final 
temperature  to  which  an  object,  assumed  intinitesimally  small, 
to  lit  the  case  of  a  gas,  will  come  when  exposed  lo  the  radiation 
of  a  single  black  plane. 

In  each  case — that  is  to  say,  when  between  the  parallel  planes 
and  when  facing  but  one — temperature  equilibrium  is  reached 
when  the  loss  of  energy  ])y  radiation  is  equal  to  its  gain  by 
absorption.  Also,  so  long  as  the  chemical  nature  of  the  object 
remains  the  same,  its  coefficient  of  absorption  is  but  little  affected 
by  even  considerable  changes  in  temperature.  Therefore,  what- 
ever the  nature  of  the  olDJect,  since  it  is  exposed  to  twice  as  much 
radiation  when  between  the  two  planes  as  it  is  when  facing 
but  one,  it  must,  in  the  former  case,  both  absorb  and  emit  twice 
as  much  energy  as  in  the  latter.     Or,  using  symlx>ls, 

in  which  E.,  and  E^  are  the  quantities  of  heat  radiated  by  the 
object  per  second,  say,  when  between  the  two  planes  and  when 
facing  but  one,  respectively. 
Again, 

and 

in  which  T2  and  T-^  are  the  respective  absolute  temperatures  of 
the  object  under  the  given  conditions,  and  K  and  n  the  radiation 
constants. 

For  every  substance  there  are  definite  values  of  K  and  n, 
which,  so  long  as  the  chemical  nature  of  the  object  remains  the 
same,  do  not  rapidly  vary  with  change  of  temperature.  Hence, 
assuming  Ko  —  K^  and  n.^  =  n^,  we  have  from  the  equation 

From  this  it  appears  that  there  must  be  some  minimum  tempera- 
ture Ti  below  which  the  radiation  of  the  lower  atmosphere  will 
Vol.  184,  Xo.  iioo — 14 
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not  permit  the  iipi)er  atmosphere  to  fall,  thcnigh  what  it  is  for 
a  t^iven  value  of  7^  depends  upon  the  value  of  n. 

Tresumably  the  radiation  of  the  upper  atmosphere  is  purely 
a  thermal  radiation,  and  therefore  in  lull  agreement,  as  is  the 
thermal  radiation  of  water  vapor,  carbon  dioxide,  and  certain 
other  gases,  with  the  KirchhofY  ^•'  law.  In  other  words,  the  ratio 
of  emission  to  absorption  for  any  given  wave-length,  presum- 
ably, is  wholly  a  question  of  temperature,  and  is  numerically 
equal  to  the  radiation  of  a  black  body  at  the  same  temj>erature 
and  wave-length.    In  svmbols, 

,    '^^'^ '"'>■' 

in  which  H  is  the  incident  energy,  h  the  energy  absorbed,  and  e 
the  energy  emitted  by  the  body  or  gas  in  question  at  the  wave- 
length A  and  temperature  t,  and  E  the  black  body  emission  at 
the  same  wave-length  and  temperature,  all  per  equal  area  and 
time. 

To'  fix  the  ideas,  let  the  body  of  gas  under  consideration 
be  a  shell  one  centimetre  thick,  surrounding  the  earth  at  a  fixed 
distance — 20  kilometres,  say,  above  sea  level — and  let  the  black 
body  be  a  very  thin  shell  at  the  same  temperature  inside  and 
outside,  that  may,  if  we  wish,  take  the  place  of  the  gas  shell. 
Xow%  since  nearly  all  the  incident  radiation  under  consideration, 
the  radiation  of  the  earth  and  its  atmosphere  onto  a  shell  at 
20  kilometres  elevation,  or  anywhere  else  in  the  isothermal  re- 
gion, comes  from  below-,  we  may  assume  it.  or  its  nonnal  equiva- 
lent, to  be  substantially  the  same  for  all  levels  of  the  upper  at- 
mosphere, and  assume  the  emitted  radiation  to  be  all  the  energy 
sent  out  by  the  shell  on  either  or  on  both  sides ;  only,  whatever  the 
assumption  for  one  shell,  the  same  must  be  made  for  the  other. 

Returning  to  a  consideration  of  the  temperature  of  the  upper 
atmosphere  under  the  influence  of  radiation  from  the  low^er  gases  : 
Since  the  composition  of  the  upper  atmosphere  is  not  appre- 
ciably changed  by  a  change  of  even  50°  C,  it  follow  that  such 
a  change  of  temperature  will  not  materially  alter  its  coefficient 
of  absorption.  Hence  a  change  in  the  intensity  of  the  incident 
radiation  H  w- ill  make  substantially  the  same  proportionate  change 
in  the  rate  of  absorption  //,  w^hatever  the  alteration  in  tempera- 
ture.   In  short, 

"  Pringsheim,    Congres  International   de   Physique,   Paris,    1900,   vol.   2, 

p.  127. 


-^">^''  I'^'/J  I'llVSICS  OF  Till-:  AlK.  i-j-j 


Hence 


H 

h 

= 

A-  a  c 

= 

'>,/, 

'Kh 

I  constant,  presumably. 


or 


Unfortunately,  nothing  is  known  of  the  spectral  distribution 
of  the  energy  radiation  of  the  cold  upper  atmosphere,  though 
possibly  it  is  of  the  irregular,  but  more  or  less  continuous  broad 
band,  type.  If  this  is  its  distribution,  and  if  for  each  wave- 
length the  increase  of  black  body  radiation,  for  a  small  increase 
of  temperature,  is  proportional  to  the  total  radiation  at  that 
wave  length,  which  it  is  to  a  rough  first  approximation,  then  to 
about  the  same  average  approximation. 

eti  _  Et\^ 

in  which  the  symbols  stand  for  the  total  radiation  of  all  wave- 
lengths. 

But  from  the  Stefan  law  in  regard  to  the  total  radiation  of 
black  bodies,  we  know  that 

Eh  _li' 
Eh  ~  7  o4 

in  which  T^  and  To  are  the  respective  absolute  temperatures. 

Hence,  as  explained  above,  if  the  spectral  distribution  of  the 

radiation  of  the  upper  atmosphere  is  continuous,  or  nearly  so 

(no  matter  how  irregular),   and  not  confined   chiefly  to   lines 

with  zero  radiation  between  them,  it  follows  that  in  the  equation, 

n 

the  numerical  value  of  n  must  be  4,  roughly.  But,  as  already 
explained,  the  value  of  T2  is  substantially  259^  C.  absolute; 
hence,  on  the  assumption  that  n  =  4,  it  follows  that  Ti  —  218^ 
C.  absolute.  And  this  is  the  value,  approximately,  that  observa- 
tion gives. 

Whatever  the  facts  in  regard  to  the  radiation  constants  of 
the  atmosphere,  the  laws  of  radiation  and  absorption  demand 
that  the  temperature  of  the  upper  atmosphere  shall  change  bur 
little  with  change  of  elevation.     Besides,  while  the  exact  value 
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of  this  temperature — the  temperature  of  the  isothermal  region — 
is,  of  course,  best  determined  by  actual  observation,  it  also  may 
be  computed  approximately  from  the  known  intensity  of  out- 
going radiation,  together  with  the  thermal  properties  of  the  gases 
of  the  atmosphere. 

Doubtless  solar  radiation  affects  the  temperature  of  the  iso- 
thermal region  to  some  extent,  but,  presumably,  not  very  much, 
since  the  radiation  from  the  lower  levels  seems  competent  not 
only  to  produce  an  isothermal  condition  in  the  upper  levels,  but 
also  to  maintain  them  at  substantially  the  observed  temperature. 
Further,  the  lower  atmosphere  obviously  is  slightly  warmed  and 
its  radiation  correspondingly  increased  by  return  radiation  from 
the  upper,  but  this  presumal^ly  does  not  affect  the  general  validity 
of  the  above  reasoning,  which  is  based  on  the  action  of  the  total 
outgoing  radiation. 

Given  the  isothermal  condition  of  the  upper  atmosphere,  it 
follows  that  the  heated  surface  air  can,  under  favorable  circum- 
stances, rise  till,  but  only  till,  by  expansion  it  has  cooled  down 
to  that  temperature  (the  temperature  of  the  isothermal  region) 
below  which  the  radiation  from  the  lower  atmosphere  will  not 
allow  it  to  fall. 

The  existence  of  an  upper  isothermal  region  and  the  vertical 
temperature  gradient  (Fig.  15)  suggest  rational  explanations 
of  a  number  of  otherwise  obscure  meteorological  phenomena — 
why  the  clouds  of  a  given  region  have  a  fairly  well-defined 
maximum  elevation:  why  this  elevation  is  greater  in  summer 
than  in  winter ;  why  It  is  a  level  of  maximum  cloud  formation, 
and  the  like — but  all  these  are  special  phenomena  that  will  be 
discussed  independently  later  on. 

(To  be  continued.) 
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Photoc.rai'iiv  is  so  generally  practised  by  technical  workers 
that  it  is  tliought  a  description  of  the  methods  employed  for  the 
determination  and  upkeep  of  the  (piality  of  light-sensitive  mate- 
rials may  prove  interesting.  No  doubt  many  workers  have  seen 
marked  on  the  packages  of  photographic  plates  and  films  certain 
numbers  that  are  intended  as  an  indication  of  the  si>eed  of  the 
emulsion.  These  numbers  may  be  expressed  as  Hurter  and  Drif- 
field, Watkins  or  Wynne  values,  and  I  shall  endeavor  in  this 
paper  to  describe  just  how  these  speed  readings  are  determined 
and  precisely  what  they  mean.  Shortly  after  the  introduction  of 
the  gelatine  dry  plate  it  was  customary  to  express  the  speed  of 
an  emulsion  as  X-times,  which  meant  that  it  was  X-times  the 
speed  of  a  wet  collodion  plate.  Such  speed  readings  naturally 
had  no  real  meaning,  as  they  were  based  up(jn  a  variable  factor. 
In  the  early  days  of  dry-plate  photograph}-  a  well-known 
photographic  worker,  Leon  \\^arneke,^  introduced  a  sensitometer 
consisting  of  a  series  of  numbered  squares  with  increasing  quan- 
tities of  opaque  pigment.  The  plate  to  be  tested  was  placed 
in  contact  with  this  and  an  exposure  made  to  the  light  emanating 
from  a  tablet  of  luminous  paint  which  had  previously  been  excited 
by  exposure  to  a  fixed  length  of  burning  magnesium  ribbon. 
After  development  and  fixation  the  last  visible  numl:>er  was  taken 
as  expressing  the  speed  of  the  plate. 

The  chief  objections  to  this  method  were  that  no  tw^o  num- 
bered plates  agreed  in  density,  and  the  light  emitted  by  the  lumi- 
nous surface  varied  considerably  between  its  excitation  and  the 
exposure  of  the  plate.  Furthermore,  the  pigmented  squares  pos- 
sessed selective  spectral  absorption.  It  is  not  uncommon  in  these 
days  to  see  plates  marked  upon  the  old  Warneke  system.     The 

*  Communicated  by  the  Author. 
^  Warneke,   British    Journal.    1881. 
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Seed  i)latcs — 2T,  and  27 — art  instances  of  this.  Jt  is  here  implied 
that  for  the  same  standard  ex|)()snre  these  two  Seed  emulsions 
would  show  as  the  last  visible  squares  Numbers  23  and  27  re- 
spectively. Later  Chapman-Jones  -  introduced  a  modified  War- 
neke  sensitometer  with  a  series  of  25  graduated  densities,  a  series 
of  four  colored  squares  and  a  strip  of  neutral  gray,  all  five 
being  of  the  same  luminosity,  and  a  series  of  four  colored  squares, 
each  passing  a  definite  portion  of  the  spectrum.  This  plate 
tester  was  used  with  a  standard  candle  as  a  light-source  and  is 
still  in  use  for  rough  estimations  of  the  speed  and  color  sen- 
sitiveness of  plates.  Various  other  methods  more  or  less  similar 
in  i)rinciple  have  been  tried,  but  none  have  proved  practical. 

Jn  1890,  two  English  scientists.  Doctor  Hurter  and  Mr.  Drif- 
field, published  a  paper,  entitled  "  Photochemical  investigations,"  ^ 
which  dealt  with  the  chemical,  physical,  and  mathematical  prin- 
ciples underlying  a  scientific  system  of  testing  the  speed  and  other 
characteristics  of  photographic  emulsions.  Since  Hurter  and 
Driffield's  time  many  investigators  have  worked  on  the  system 
and  contributed  towards  its  perfection.  In  connection  with  the 
testing  of  emulsion  speeds  there  are  several  terms  and  definitions 
which  must  be  thoroughly  understood.  The  most  important  are 
opacity,  transparency,  and  density.  Opacity  is  the  optical  prop- 
erty of  a  substance  (in  our  case  silver)  to  impede  the  passage 
through  it  of  light.  In  other  w^ords,  opacity  is  the  supression  of 
light  or  its  absorption  by  the  silver  image.  Transparency  is  the 
inverse  of  this,  and  is  measured  by  that  fraction  of  the  original 
light  which  the  silver  image  transmits.  For  substances  w^hich 
do  not  reflect  much  light,  such  as  a  thin  layer  of  India  ink  or 
a  layer  of  reduced  silver  deposited  as  a  black  substance  in  nega- 
tives, the  relation  between  the  quantity  of  the  substance  present 
and  the  light  absorbed  is  quite  simple.  If  we  hold  a  screen  in 
the  form  of  a  thin  layer  of  dilute  India  ink  between  the  eye  and 
a  light-source  the  layer  of  India  ink  absorbs  light  and  therefore 
reduces  the  intensity  of  the  light  transmitted.  Supposing  that 
such  a  layer  absorbs  one-half  of  the  incident  light,  naturally 
one-half  of  the  light  will  be  transmitted,  and,  w'hatever  may  be 
the  intensity  of  the  original  light,  the  intensity  after  passing 
through  the  India-ink  layer  will  be  one-half  of  what  it  originally 

^  Chapman-Jones,   Photographic  Journal,   1901. 

^  Hurter  and  Driffield,  Jour.  Soc.  Chem.  Jnd.,  1890. 
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was.  Two  such  layers  ol  ink  will  reduce  the  incident  li^dit  to 
one-fourth  its  original  intensity,  and  any  number  of  layers  will 
reduce  the  intensity  of  the  light  to  a  fraction  which  is  ecjual  to 
the  remnant  of  light  the  hrst  layer  passes,  but  raised  to  a  power 
the  index  of  which  is  the  number  of  layers  employed.  Thus  if 
n  layers  were  employed  and  the  hrst  one  reduced  the  intensity 

of  the  incident  light  to  a  fraction  ',  then  ii  lavers  would  reduce 
it  to  (    J  .     If  in  place  of  using  several  successive  layers,  the  first 

layer  is  made  to  contain  as  much  India  ink  as  the  n  successive 
layers  contain  altogether,  we  shall  find  that  the  one  layer  has  the 
ix>\ver  of  reducing  the  intensity  of  the  light  transmitted  by 
exactly  the  same  amount  as  the  )i  layers  do.  The  reduction  of 
the  intensity  of  the  original  light  is  due  to  the  absorption  of 
light  by  the  black  particles,  and  is  governed  simply  by  the  number 
of  them  which  are  interposed  in  a  given  area.  Thus  we  find  that 
the  number  of  layers  can  be  replaced  by  the  number  of  particles, 
and  the  rule  can  be  stated  in  this  form — the  intensity  Tx  of  light 
after  passing  A   particles  of  a  substance   is  a   fraction   of   the 

original  intensity  T,  such  that  J!  =  (t)'^.  For  mathematical  rea- 
sons the  fraction  is  generally  expressed  as  a  negative  power  of 
the  base  of  the  hyperbolic  logarithms  e,  so  -^  =  e''',  and  we  can 
write  j^  =  ^     •  •  The  symbol  k  is  adopted  for  the  coefficient  of  ab- 

Tx 

sorption,  then  the  fraction  —  represents  and  measures  the  trans- 


T 


T 


parency  of  the  substance,  and  the  inverse  of  this  is  ^   =  e  '^  and 

measures  the  opacity  of  the  substance  and  indicates  the  intensity 
of  light  that  must  fall  on  one  side  of  the  substance  in  order  that 
a  given  intensity  may  be  transmitted.  The  letter  T  is  used  to 
denote  transparency  and  0  opacity. 

Density  is  frequently  confused  with  opacity.  By  density 
is  meant  the  number  of  particles  of  a  substance  spread  over  a 
given  area.  In  our  case  it  is  the  relative  quantity  of  silver 
deposited  per  unit  area  multiplied  by  the  coefficient  of  absorp- 
tion ;  kA  is  what  is  termed  density,  and  its  symbol  is  the  letter  D. 

The  laws  of  transmission  and  absorption  in  connection  with 
a  layer  of  India  ink  also  hold  good  for  a  layer  of  reduced  silver, 
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such  as  exists  in  a  ncj^ativc,  hence  it  will  be  seen  that  density  as 
ai>j)lie(l  to  i)hotographic  ne<^atives  is  (Hrectly  proportional  to  the 
anioinit  of  silver  deposited  per  unit  area  and  may  be  used  as  a 
measure  of  that  amount.  The  relations  existing  between  the 
three  terms,  opacity,  transparency,  and  density,  are  as  follows: 

0  -  cl^ 
T  =  e-'> 

I)  =  i„p/;  =  -  \n^,T. 

In  theoretical  considerations,  such  as  those  dealt  with  above, 
Napierian  lo^^^s  are  used,  but  in  practical  sensitometry  common 
logarithms  are  used.  The  full  relation  existing  between  opacity, 
transparency,  and  density,  and  also  the  terminology  generally 
adopted  in  practical  sensitometry,  are  shown  in  Fig.  i.  By  a 
consideration  of  these  definitions  we  are  in  a  position  to  trace 
the  connection  between  the  densities  of  a  theoretically  perfect 
negative  and  the  light  intensities  which  formed  them.  Density 
is  the  logarithm  of  the  opacity,  and  since,  in  a  theoretically  per- 
fect negative,  opacities  are  directly  proportional  to  the  intensities 
of  the  light  which  produced  them,  it  follows  that  each  density 
must  be  proportional  to  the  logarithm  of  the  light  intensity 
which  produced  it,  or,  more  correctly,  density  is  a  linear  function 
of  the  logarithm  of  the  intensity  of  light  and  time  of  exposure. 
Therefore,  in  a  theoretically  perfect  negative  the  amounts  of 
silver  deposited  in  the  various  parts  are  proportional  to  the  log- 
arithm of  the  intensities  of  light  proceeding  from  the  corre- 
sponding parts  of  the  original  object.  The  practice  of  a  system 
of  emulsion  speed  measuring  is  based  on  the  inter-relation  of  the 
before-mentioned  definitions.  To  apply  these  practically  in  plate- 
speed  measurements  four  instruments  are  required  : 

1.  Some  form  of  standard  light  for  making  the  exposures. 

2.  An  exposing  machine  used  in  conjunction  with  the  standard 
light  for  impressing  the  plates  with  a  series  of  known  exposures. 

3.  A  thermostat  for  maintaining  the  developing  solutions  at 
constant  temperature. 

4.  Some  form  of  photometer  for  reading  the  densities  of  the 
plates  made  in  the  exposing  machine. 

Standard  Lights. — Hurter  and  Driffield,  in  their  investiga- 
tions, used  the  English  standard  candle.  The  great  objection 
to  this  is  its  spectral  composition :  candle  light  is  decidedly  orange- 
red  ;  for  non-color  sensitive  plates  this  may  be  used,  but  with  yel- 
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low  or  red  sensitive  i)lates  the  speed  readings  obtained  would  be 
absolutely  wron^^  The  readin^^s  would  be  five  or  six  tunes  the 
true  speed.  In  (iermany  the  Hefner  aniyl-acetate  lamp  is  ^^en- 
erallv  used  :  in  l^nt^land  the  X'ernon-Harcourt  pentane  lamp.    Un- 
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doubtedly  the  most  satisfactory  light-source  is  acetylene ;  a  special 
burner  is  used  giving  a  long,  cylindrical  flame.  The  burner  is 
surrounded  by  a  circular  metal  chimney  which  has  a  small,  rect- 
angular opening  fitted  with  a  cone  that  extends  to  within  three 
millimetres  of  the  surface  of  the  flame ;  thus  only  a  small  portion 
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of  the  llanie  is  used,  and  by  always  keepin<^  the  gas  pressure 
constant  by  means  of  a  manometer,  and  the  height  of  the  Hame 
the  same,  the  intensity  of  the  hght  does  ncjt  vary  one  i>er  cent. 
This  acetylene  light  is  calibrated  to  a  standard  candle.  In  front 
of  the  rectangular  opening  in  the  metal  chinmey  is  placed  a 
special  blue-violet  filter  that  reduces  the  spectral  composition  of 
the  acetylene  to  practically  the  same  as  daylight. 

Exposing  Instruments. — Various  instruments  for  impressing 
a  graduated  series  of  exposures  on  a  plate  have  been  proposed, 
and  they  may  be  divided  into  two  classes,  depending  on  whether 
a  time  or  an  intensity  scale  is  used.  Intensity  scales  usually  consist 
of  a  sheet  of  glass  covered  with  squares  of  pigmented  gelatine 

Fig.  2. 


transmitting  known  amounts  of  light;  thus  in  the  W'arneke  sen- 
sitometer  previousU'  described  each  square  transmits  one-third 
less  light  than  the  preceding.  The  Chapman-Jones  sensitometer 
is  another  example  of  an  intensity  scale;  in  practical  sensitometry 
intensity  scales  are  seldom  used.  Time  scales  may  be  impressed 
by  intermittent  or  continuous  exposure.  For  many  reasons  con- 
tinuous exposures  are  most  to  be  desired,  but  in  practice  it  has 
been  found  difificult  to  construct  a  suitable  instrument.  A  time 
scale  impressed  by  intermittent  exposure  is  easily  obtained  with 
a  sector  wheel  having  a  series  of  angular  openings  of  the  follow- 
ing values:  i8o,  90,  45,  22.5,  11.25,  5.625,  2.812,  1.406,  and 
0.703  degrees;  each  aperture  passes  twice  as  much  light  as  the 
preceding  one  and  gives  double  the  exposure.     The  sector  wheel 
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is  revolved  during  the  exposure  in  front  of,  and  as  near  as  {k>s- 
sible  to,  the  sensitive  i)late.  For  negative  emulsions  it  is  usual 
to  expose  for  40  candle-nietre-seconds,  and,  as  the  largest  angle 
on  the  wheel  is  180  degrees,  it  is  obvious  that  an  exjxjsure  of  cSo 
c.  m.  s.  must  be  given  to  obtain  an  effective  40  c.  m.  s.  The  form 
of  the  wheel  is  shown  in  Fig.  2.  In  order  to  do  away  with  the 
inconvenience  of  working  in  a  dark  room  and  to  avoid  trouble- 
some reflections,  the  sector  wheel  is  enclosed  in  a  box  u  inches 
by  12  inches  by  2  inches.  At  the  back  of  the  box  are  fitted  grooves 
to  carry  the  plate-holder.  The  complete  instrument  is  shown  in 
Fig.  3.  A  pulley  is  provided  by  means  of  which  the  wheel  can 
be  rotated  during  the  exposure  of  the  plate;  a  small  i/15-horse- 
power  motor  geared  down  to  50  revolutions  a  minute  is  used. 

Fig.  3. 


A  box  6  inches  by  6  inches  by  t,t,  inches  contains  an  exix>sing 
shutter  actuated  by  a  milled  head,  and  grooves  are  provided  for 
two  fluid  cells  by  means  of  which  light  of  any  color  can  be 
obtained.  The  special  acetylene  burner  before  descril>ed  is  fitted 
on  a  stand  having  a  vertical  and  horizontal  movement  by  rack  and 
pinion,  so  that  the  light  itself  may  be  placed  at  one  metre  distance 
from  the  plate  surface  and  exactly  centred.  The  acetylene  tank, 
manometer,  and  lamphouse  are  also  shown  in  the  illustration.  In 
practice  two  plate-holders  are  used — one  for  two  plates  4% 
inches  by  i  inch,  the  other  for  one  plate  4%.  inches  by  i  J/^  inches ; 
this  latter  holder  is  arranged  so  that  two  series  of  exposures  can 
be  impressed  on  the  same  plate.  In  each  plate-holder  only  a  nar- 
row strip  of  the  plate  is  exposed:  the  unexposed  portion  is  used 
as  a  fog  strip. 
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'Jlirriiiosfats.- — Tiu'  tiuTnioNlat  in  ii>c  is  a  niodified  form  of 
the  i'Vcas  water  tlKTiiioslat  and  has  proNcd  very  satisfactory.'^ 
The  complete  installation  is  shown  in  ^"i^^  4.  The  thermostat 
tank  has  a  capacity  of  340  litres  of  water  and  is  e(iuipped  with  a 
paddle-stirrin<^-  device  and  mercnry  re<;nlator  which  ccjntrols  the 
electric  heaters  throni^h  a  thermal  relaw  Hot  point  tul>es  are 
used  as  the  source  of  heat.     There  are  devices  for  maintaining 

Fig.  4. 


the  water  at  constant  level  and  for  cooling  the  water  in  the  tank 
when  the  room  temperature  is  too  great.  A  special  top  is  fitted 
to  the  instrument  with  developing  cups  set  down  into  the  water, 
and  the  plate  strips  to  be  develoj^ed  are  held  in  small  metal  slides 

*  Hitchins  and  Gilbert,  "  A  Water  Thermost^it  for  Maintaining  Photo- 
graphic Developing  Solutions  at  Constant  Temperature,"  Photo.  Jour,  of 
America,   191 7,   139. 
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which  fit  arouncl  the  iniuT  periphery  of  the  cyhnder  eiiteriiifj  into 
the  cup.  I  h)iise(l  in  an  inner  cyhnder  there  is  a  small  ninltihladc 
paddle  which  pulls  a  steady  stream  of  developer  from  the  hotlom 
of  the  developinj^  cup  and  discharges  it  over  the  top  of  the 
cylinder,  distrihutinj^  it  evenly  over  the  plate  strips.  Fi^.  4A 
shows  this  ])()rti()n  of  the  thermostat  in  detail.     As  the  various 

Fig.  4A. 


development  times  are  completed  the  plate  strips  in  their  holders 
can  be  withdrawn  and  placed  in  the  fixing  bath  without  being 
handled  wnth  the  lingers.  The  accuracy  of  this  thermostat  is 
within  one  two-hundredth  of  a  degree  plus  or  minus,  and  it  will 
run  unattended  day  in  and  day  out.  For  accurate  results  in 
sensitometry  it  is  of  vital  importance  that  the  temperature  of  the 
developer  be  constant. 
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riioloiiiclcrs. — .\  pliotoiiR'tcr  as  used  in  photographic  work 
is  an  instrument  for  measuring  ihc  absorption  of  hght  by  various 
media.  Hurtcr  and  Drifiield,  in  tlicir  original  investi^^ation,  used 
the  old  lUinsen  ^^ease-spot  photometer,  a  form  not  really  suitable 
for  photographic  measurements.  Polarization  or  spectrr)-photom- 
eters  are  now  j^enerally  used  in  sensitometric  work.  The  Mar- 
tens polarization  photometer  is  an  excellent  instrument  and  gives 
very  accurate  readings.     In  this  photometer  extinction  is  obtained 

Fig.  5. 


by  means  of  a  W'ollaston  prism.  The  formula  for  converting 
the  readings  to  densities  is  log.tan.^O^ — log.tan.-^  in  which  6'^  is 
the  angle  or  degree  of  rotation  with  the  negative  density  in 
position  and  0  the  angle  without  the  negative  density  or  the  zero 
of  the  instrument.  This  photometer  is  illustrated  in  Fig.  5. 
Recently  a  Hiifner  spectro-photometer  built  by  Adam  Hilger, 
of  London,  has  been  used.  This  instrument  is  designed  for  the 
accurate  measurement  of  the  absorption  of  liquids  or  dyes  at  any 
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wave-length,  anil  for  the  deteniiination  of  the  densities  of 
photographic  i>lates  or  hhns.  for  which  j)iirixjse  it  is  extremely 
convenient  and  accurate.  Supi)osing  it  is  desired  t(j  com])arc  the 
intensities  of  two  beams  of  light,  one  of  which  has  undergone 
absorption  by  passage  through  a  photographic  i)late,  for  instance: 
in  the  path  of  the  beam  wliich  has  not  undergone  absorption  is 
interjx)sed  a  Nicol  prism  which  polarizes  the  light  perpendicularly. 
The  two  beams  of  light  are  then  thrown  on  the  slit  of  the  s])ec- 
troscopic  portion  of  the  instrument,  being  brought  into  close 
juxtaposition  with  a  sharp  dividing  line  by  a  prism  of  special 
design.  The  light,  after  passing  through  the  slit,  undergoes  colli- 
mation  and  is  dispersed  into  a  spectrum  by  a  prism,  and  after 
passing  through  a  second  Xicol  prism  is  brought  to  a  focus  and 

Fig.  6. 


observed  by  an  eye-piece.  Two  spectra  are  then  seen,  one  above 
the  other,  the  one  being  an  absorption  spectrum  of  the  substance 
imder  observation,  the  other  spectrum  being  reducible  by  rotation 
of  the  second  Nicol  prism  to  any  desired  intensity.  The  intensity 
of  this  latter  spectrum  can  be  deduced  from  the  rotation  of  the 
second  Xicol,  and  thus  by  exact  matching  of  any  desired  part 
of  the  two  spectra  an  exceedingly  accurate  measurement  of  the 
amount  of  absorption  by  the  material  under  ol)servation  can  be 
obtained.  The  Hilger  instrument  is  shown  in  Fig.  6.  The 
intensity  of  light  passing  through  crossed  Xicols  is  proportional 
to  the  square  of  the  cosine  of  the  angle  0  betw^een  them,  and 
the  formula  for  converting  the  readings  to  densities  is  as  follow^s  : 

Density  =  —  log.iocos.-^ 

With  this  instrument  transparency  =  cos.-^,  and  opacity  = 


cos, 


2^ 
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Ill  practice  the  s\stciii  oi'  jilaic-spcrd  measuring  is  carried 
out  as  follows:  The  acetylene  light  is  lit  :  the  height  of  the  flame 
and  gas  pressure  adjusted :  the  light  should  hurn  at  least  five  min- 
utes hefore  an}-  exposures  are  made,  so  that  it  may  have  time 
to  settle  and  burn  steadil}-.  The  i)late-holder  is  loaded  with  two 
strips  of  the  film  or  plate  to  he  measured.  The  strips  lie  side 
by  side  and  are  exposed  together  in  the  exposing  machine.  Then 
the  plate-holder  is  inserted  in  the  exposing  instrument,  the  sector 
wheel  set  revolving,  the  shutters  of  the  plate-holder  drawn,  and 
exposure  made  by  means  of  the  tlaj)  shutter.  The  candle-power 
of  the  acetylene  light  must  be  known  so  that  an  exposure  equiv- 
alent to  40  c.  m.  s.  can  be  given,  then  the  strips  are  developed 
for  times  t  ^  and  /  -  in  such  ratio  that  t  -  =  2t^  in  the  thermostat 
at  65°  F.  Practically  any  developer  may  be  adopted  as  the  stand- 
ard, but  potassium  bromide  must  not  be  added  for  plate-speed 
work.  The  time  of  development  is  merely  a  matter  of  con- 
venience: if  too  short,  the  densities  are  thin,  and  if  too  long,  the 

Fig.  7. 


higher  densities-  are  hard  to  read.  Time  of  development  does 
not  affect  the  speed  readings  obtained.  As  soon  as  developed 
the  plate  strips  are  plunged  in  clean  hypo,  and  when  completely 
fixed  are  well  washed^  and  immersed  in  a  5  per  cent,  solution  of 
hydrochloric  acid  for  a  few  minutes  to  dissolve  any  lime  salts 
that  may  be  deposited  in  the  film.  The  strips  are  then  allowed  to 
dry  naturally.  The  negative  obtained  is  shown  in  Fig.  7.  One 
edge  has  been  left  unexposed  and  is  called  the  fog  strip.  From 
this  is  measured  the  inherent  fog  in  an  emulsion,  viz.,  the  density 
of  the  gelatine,  the  glass,  or  celluloid,  and  any  silver  reduced 
without  light  action.  The  series  of  graduated  densities  are  now 
measured  with  the  photometer  and  the  results  minus  fog  reading 
plotted  in  the  form  of  a  curve  upon  a  special  chart.  Hurter  and 
Drifheld  called  this  the  ''Characteristic  Plate  Curve,"  because  they 
found  that  with  all  plates  under  certain  conditions  of  exposure 
the  curves  obtained  were  of  the  same  character.  The  curve  is 
always  of  an  y"  shape,  and  if  the  plate  has  been  sufficiently  ex- 
posed may  be  divided  into  four  regions  (see  Fig.  8),  the  concave 
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part  .l-B  correspoiulin^  to  uiKlcr-exiK)sure ;  the  straight  Hue  pe- 
riod J'>-C  corrcspoiuhng  to  correct  exposure;  the  convex  part  C-D 
denoting  the  over-exposure  period;  and  the  last  |>eriod  of  the 
curve,  D~J:,  corresponding  to  reversal.  Suppose  we  compare  this 
typical  cur\  c  to  a  llighl  of  stairs  :  it  will  be  seen  that  in  the  under- 
exposure period  the  steps  show  a  gradually  increasing  rise;  keep- 
ing in  mind  that  each  step  means  growth  in  density,  it  will  be  seen 
that  we  have  here  an  absolutely  false  relationship.  In  this  case 
proportionality  exists  between  exposure  and  density  instead  of 
between  exposure  and  opacity.  A  negative,  the  gradations  of 
w^hich  fall  within  this  period,  will  have  strong  contrasts  and  be 
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recognized  as  under-exposed  by  the  practical  photographer.  The 
shadows  and  nearly  all  half-tones  will  be  represented  by  almost 
bare  glass,  and  the  high  lights  will  be  of  relatively  extreme  density. 
In  the  period  of  correct  exposure  the  steps  are  all  of  equal  rise ; 
that  is  to  say,  each  doubling  of  the  exposure  is  represented  by  an 
equal  gain  in  density,  so  that  a  negative  the  gradations  of  which 
fall  within  the  period  of  correct  exposure  differs  as  little  as  pos- 
sible from  that  wdiich  at  the  beginning  w-as  defined  as  theoreti- 
cally perfect.  It  will  be  remembered  that  the  definition  of  a  per- 
fect negative  was  that  the  densities  of  the  negative  should  be  pro- 
portionate to  the  logarithm  of  the  exposures  which  produced  them, 
and  it  is  characteristic  of  the  straight-line  period  of  the  curve 
Vol.  184,  No.  iioo — 15 
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that  tlic  densities  arc  proportionate  to  the  loj^arithnis  of  the 
exposures.  As  the  resuU  of  many  measurements  of  the  densities 
fallinjj:  witliin  this  period  it  lias  l)een  found  that  llie  straight  hne 
j)ortion  conforms  to  the  followinjj^  simple  Imear  ecpiation :  D  =  y 
( lo<,^  /: — log.  /),  /)  heing  the  density,  y  a  constant  depending 
on  time  of  develojMnent ;  li  the  product  of  intensity  of  light  and 
time  or  the  "  exposure,"  and  /  a  constant  depending  upon  the 
speed  of  the  plate.  The  over-exposure  period  is  marked  by  a 
gradual  decrease  in  rise  in  the  steps,  which  finally  become  almost 
imperceptible.  In  this  period  the  densities,  instead  of  growing 
with  increase  of  exposure,  steadily  decrease.     A  negative,  the 


Fig.  9. 
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gradations  of  which  fall  within  this  period,  will  be  equally  a^ 
false  as  one  in  the  under-exposure  period,  but  in  an  opposite 
direction.  Under-exposed  negatives  show  too  much  contrast; 
over-exposure  yields  a  flat,  thin  negative.  In  the  last  period  of 
the  curve  D-E  there  happens  the  phenomenon  reversal ;  this  is  the 
transformation  of  the  negative  into  the  positive.  This  period 
is  mainly  of  theoretical  interest ;  such  long  exposures  are  required 
to  produce  true  reversal  that  in  ordinary  photographic  practice 
this  period  is  negligible. 

Before  proceeding  further  it  will  be  as  well  to  describe  the 
chart  on  which  the  curves  are  plotted.     It  is  shown  in  detail  in 
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Vig.  9,  The  top  line  of  li^urcs  stand  for  exposnrcs  in  c.  ni.  s. 
The  tignres  at  the  left-hand  side  represent  tlensities;  the  Ixjttoni 
line  oi  lignres  constitute  the  inertia  scale  which  is  used  in  deter- 
mining the  plate  speeds.  The  right-hand  set  of  ordinates  are 
gammas  and  represent  actual  degrees  of  contrast  in  the  negative. 
From  100  on  the  inertia  scale  there  is  a  printed  line  travelling  to 
7  1.0.  which  will  be  explained  later.  To  obtain  the  speed  of  a  plate 
the  straight-line  portion  of  the  curve  is  prolonged  until  it  cuts 
the  inertia  scale;  this  point  is  called  the  inertia;  then  34 -^- /' = 
the  s^x'ed  of  the  plate.  This  constant  34  holds  good  only  when 
the  standard  light  is  equivalent  to  a  standard  candle.  In  the 
example  shown  in  Fig.  9  the  inertia  is  0.2  and  the  speed  is  170. 
The  inertia  is  really  a  measure  of  the  least  exposure  which  will 
just  mark  the  beginning  of  the  straight  line  or  correct  exposure 
period.  The  speed  of  an  emulsion  is  the  inverse  value:  The 
longer  the  exposure  required  to  bring  a  plate  to  the  beginning 
of  the  correct  exposure  period  the  slower  the  emulsion.  Inertia 
is  really  an  exposure  expressed  in  c.  m.  s. 

,In  all  plate-speed  testing  it  is  essential  that  two  strips  of  the 
plate  are  exposed  together ;  then  one  strip  is  developed  for  t  ^  and 
the  other  for  f  - ;  that  is  to  say,  one  strip  is  developed  twice  as 
long  as  the  other.  The  two  series  of  densities  obtained  are  read 
on  the  photometer,  and  the  two  curves  plotted  on  the  same  chart. 
It  will  be  seen  that,  although  one  strip  was  developed  twice  as 
long  as  the  other,  the  inertise  coincide,  both  straight-line  portions 
when  prolonged  cutting  the  scale  at  0.2.  \Mien  we  have  plotted 
the  t  ^  and  f  -  curves  of  any  plate  we  can  read  not  only  the  speed 
but  can  obtain  in  addition  a  lot  of  useful  data  relating  to  the 
character  of  the  emulsion.  We  can  show  graphically  the  amount 
of  contrast  that  any  particular  emulsion  will  give  for  a  given 
time  of  development.  This  is  done  1)y  drawing  parallel  with  the 
straight-line  portions  of  the  curves  f^  and  f-,  lines  from  100  on 
the  inertia  scale  until  they  cut  the  7  scale.  Curve  t  ^  will  then 
give  7  ^  and  f  -  will  give  7-.  Supposing  the  times  of  development 
for  f  ^  and  t  ^  to  have  been  3  and  6  minutes,  it  will  be  seen  that 
7  ^  and  7  ^  represent  graphically  the  degrees  of  contrast  and 
density  obtained  in  3  and  6  minutes'  development.  \\'henever  the 
y  line  of  the  plate  coincides  with  the  printed  7  line  of  the 
chart  the  contrasts  of  the  subject  photographed  are  correctly 
rendered.      If    the    readinor    is    below    i    the   contrasts    of    the 
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subject  arc  reduced,  and  if  above  i  are  increased.  Having 
found  7'  and  7-,  700  is  easily  delerniined.  70013  a  very  im- 
portant factor;  it  measures  the  ultimate  cc^ntrast  and  density  ob- 
tainable w  itli  a  {j^iven  enudsion.  '^  00  can  be  determined  by  direct 
devclopmenl ;  a  strip  of  the  plate  to  be  tested  is  exposed  as  usual 
to  a  j^raduated  series  of  light  intensities  and  then  developed  for 
45  minutes,  the  densities  read  and  the  curve  plotted.  A  parallel 
to  the  straight-line  portion  of  the  curve  is  drawn  from  100  on  the 
inertia  scale  to  the  '^  scale,  and  where  it  cuts  is  taken  as  7  00. 
In  the  example  shown  (Fig.  ())  r^  =^-32.  r  °°  can  also  be 
calculated  mathematically  from  the  figures  obtained  for  7  ^  and 
7  - ;  the  formula  is  as  follows : 

7 I 2  -822  6724 

00  =   — ' =  -      .  =         =  2-40 

2}'I  —  72         2(-82)  — 1-36  2800 

For  'i'  00  by  direct  development  2.32  was  obtained,  and 
2.40  by  calculation.  In  connection  with  the  character  of  photo- 
graphic emulsions  there  is  another  important  factor — K^  or  the 
velocity  constant;  this  is  the  speed  with  which  a  plate  develops. 
It  is  arrived  at  in  the  following  manner : 

A'  =      2-;o26  X  logio  1-52  =      2-3026  X  -iBiS  =  -  -43881  =  -1463 
3      '  3  3 

K  depends  upon  the  plate,  the  developer,  and  the  temperature 
of  the  developer.  It  increases  as  the  concentration  of  the  devel- 
oper is  increased,  so  that  in  making  measurements  of  K  it  is 
important  that  the  developer  be  kept  constant.  K  is  usually 
higher  in  a  slow  plate  than  in  a  fast  one,  and  decreases  as  the 
plate  ages.  For  many  purposes  a  plate  with  a  high  7  00  is  very 
useful.  It  means  that  with  under-exposure  development  can  be 
forced  and  density  piled  on  easily.  In  this  case  density-giving 
power  is  equivalent  to  speed.  It  has  been  previously  stated  that 
when  the  plotted  '>'  line  coincides  with  the  printed  y  line  on  the 
chart  the  contrasts  of  the  subject  photographed  are  truthfully 
rendered.  It  is  well  known  that  for  different  classes  of  w^ork  a 
soft,  normal,  or  contrastive  negative  may  be  desirable.  It  is 
an  easy  matter  to  produce  a  negative  of  the  degree  of  contrast 
judged  to  be  most  suitable.  This  is  simply  the  control  of  7. 
y  is  entirely  dependent  on  length  of  development   for  a  given 
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plate,  and  il  is  easy  to  determine  the  time  of  development  neces- 
sary to  reach  a  ^iven  y.  It  has  been  found  that  a  7  or  contrast  of 
0.80  is  most  suitable  for  portraiture  where  softness  and  modelling 
are  important,  and  that  for  architecture  a  y  of  i.oo  is  suitable. 
For  landscape  work  a  7  of  1.30  has  Ixien  found  best.  Knowing 
7  ^  and  7  '^  for  a  given  plate,  the  time  of  development  necessary 
to  reach  a  chosen  ^  can  be  shown  graphically.  The  construction 
is  illustrated  in  b^ig.  10.  Supposing  7^  to  l>e  0.82  and  '^  -  i-36, 
use  an  ordinary  H.  &  D.  chart  and  call  the  base-line  divisions 
''  Minutes  of  Development  ''  and  the  left-hand  ordinates  "  Gam- 
mas " ;  then  there  are  three  points  through  which  a  curve  can  be 

Fig.  10. 
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drawai — o,  0.82,  and  1.36.  7  ^  was  obtained  with  3  minutes'  devel- 
opment and  '^^  with  6  minutes',  therefore  the  density  corre- 
sponding to  7  ^  is  plotted  on  the  3-minute  line,  and  the  density  of 
'y  ^  on  the  6-minute  line.  To  find  the  time  of  development  for 
gammas  of  0.80,  i.oo,  and  1.30,  horizontal  lines  are  drawn  from 
those  points  on  the  left-hand  scale,  and  where  they  cut  the  curve 
a  perpendicular  is  dropped  to  the  base  line.  In  the  examples 
shown  a  '^  of  0.80  is  obtained  with  2.80  minutes'  development, 
y  I.oo  in  3.75  minutes',  and  ^  1.30  in  5.75  minutes'  development. 
There  is  another  advantage  in  exposing  two  strips  of  the  plate 
together,  because  when  the  two  curves  are  plotted  it  is  at  once 
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setMi  il  Ircc  bromide  is  prc'>c'nl  in  ihc  c'nuil>i()n  or  if  bromide  has 
been  added  to  the  developer.  Suppose  that  on  plotting  the  two 
curves  we  find  that  tlicy  run  more  or  less  parallel  to  each  other 
and  that  the  inerti^e  do  not  coincide  as  shown  in  b1<(.  i  i  :  this 
proves  that  there  is  free  bromide  in  the  emulsion,  or  that  bromide 
has  been  added  to  the  developer.  The  i)resence  of  bromide  actu- 
ally lowers  the  speed  of  a  plate  for  a  j;iven  time  of  development, 
so  both  the  inertiie  obtained  are  wrong,  the  influence  of  the 
bromide  not  having  been  overcome.  The  way  to  Ihid  the  true 
inertia  is  to  prolong  the  straight-line  portion  of  / '   curve  below 

Fig.  II. 
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the  inertia  scale,  then  from  any  point  A  draw  the  ordinate  A-B. 
Bisect  A-B  at  C  and  join  C-D,  the  latter  being  the  point  where 
curve  /  ^  cuts  the  inertia  scale.  Continue  the  straight  portion 
of  curve  t'^  until  it  cuts  C-D,  then  from  E  erect  a  perpendicular 
E-F  until  it  cuts  the  inertia  scale,  and  this  point  0.217  is  the  true 
inertia  of  the  plate  and  the  speed  is  157,  whereas  the  speed 
obtained  from  t  ^  curve  gave  0.5  inertia,  equivalent  to  68,  and 
f^  gave  0.3  inertia,  equivalent  to  a  speed  of  113.  It  will  be 
seen  that  this  construction  is  merely  a  mathematical  anticipation 
of  the  true  speed  of  the  emulsion  that  will  be  obtained  if  develop- 
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meiit  is  continued  sufticicntly  loni;  to  overconu*  the  restraining 
action  of  the  hroniitle. 

.\nother  very  important  pro[)erty  of  a  phite  is  its  latitude. 
This  can  he  judj^ed  fairly  well  from  a  straiji^ht-line  portitm  of  the 
plate  curve.  Supi)osini;  the  straight-line  pcjrtion  extends  from 
1.J5  c.  m.  s.  to  JO  c.  m.  s.,  then  any  exposure  ranging  from  i  to 
i()  would  be  in  the  i>eriod  of  correct  exposure.  Latitude  is 
really  the  measure  of  the  opacity  of  the  unexposed  plate  to  blue- 
violet  light  and  can  be  determined  more  accurately  as  follows: 
A  plate  of  known  speed  is  exposed  behind  the  plate  the  latitude  of 
which  is  to  be  measured.  For  instance,  suppose  a  plate  with  a 
speed  of  150  is  exposed  behind  an  Ansco  filni,  and,  when  the 
densities  are  read  and  plotted,  gives  a  speed  of  100,  then  150 
minus  100=  50,  which  is  the  latitude  of  the  Ansco  film,  because 
the  Ansco  emulsion,  being  sensitive  to  blue-violet  light,  cuts  out 
or  absorbs  this  from  the  standard  light,  and  that  portion  of  the 
light  which  passes  through  the  Ansco  film  is  not  absorbed  and 
so  cannot  do  any  w-ork  but  it  will  act  upon  the  plate  l>ehind  and  the 
densities  and  speed  obtained  under  these  circumstances  are  a 
measure  of  the  non-absorption  of  the  blue-violet  by  the  Ansco 
film. 

The  Hurter  and  Driffield  system,  if  properly  carried  out,  is 
of  the  greatest  help  in  maintaining  a  standard  of  emulsion  quality, 
and  in  its  w-ider  and  deeper  applications  is  almost  indispensable 
to  the  emulsion  maker  for  graphically  recording  the  effects  of 
various  experiments.  It  will  be  readily  understood  how  changes 
in  an  emulsion  during  manufacture  will  be  show^n  in  the  curves 
when  plotted.  What  these  variations  in  the  plotted  curve  mean 
to  the  emulsion  maker  would  entail  a  thorough  discussion  of  the 
theory  and  practice  of  emulsion  making,  which  is  not  possible  in 
an  article  of  this  nature.  In  the  various  branches  of  photo- 
graphic work  it  is  necessary  to  use  emulsions  of  different  char- 
acter. In  process  and  copying  w^ork  a  slow  plate  having  good  lati- 
tude and  a  high  700  is  desirable.  It  should  develop  quickly  and 
be  capable  of  giving  great  density  and  contrast,  and  it  is  impor- 
tant that  the  inherent  fog  of  the  emulsion  should  be  low^  An 
emulsion  intended  for  the  general  run  of  hand  camera  work 
W'here  most  of  the  results  are  underexposed  should  have  a  high 
speed,  develop  rather  slowdy,  and  have  a  reserve  density  and  con- 
trast-giving power.     The  under-exposure  period  should  be  well 


n>S  Alfri:i)  !>.  Ilncmxs.  [J.  1^.  I. 

(Iclnicd,  and  it  is  desirable  that  the  ennilsioii  l)e  yellow-green 
sensitive,  or,  in  other  words,  orlhochroniatic.  An  emulsion  in- 
tended for  i)ortraiture  should  have  a  very  high  speed  around 
about  J50  11.  c^  J).  It  should  develop  slowly,  and  the  yoo  should 
not  be  higher  than  2.00.  It  should  have  g(x>d  latitude  and  a 
well-defined  under-exposure  period.  In  the  modern  practice  of 
portraiture  the  tendency  is  to  use  a  rapid  orthochromatic  or 
panchromatic  emulsion.  The  inherent  or  chemical  fog  of  any 
emulsion  must  be  kept  as  low  as  possible.  This  is  one  of  the 
problems  of  emulsion  making.  The  inherent  fog  of  any  emulsion 
should  not  be  higher  than  0.20,  even  when  the  plate  is  de- 
veloped to  700.  1lie  speed  readings  obtained  can  be  used  directly 
as  a  basis  for  the  calculation  of  exposure,  because,  providing 
two  plates  of  different  kinds  are  impressed  with  the  same  series 

Fig.  12. 


of  known  exposures  by  the  same  Hght-source,  their  speeds  are 
inversely  proportional  to  their  respective  inerti?e;  for  instance, 
if  strips  of  plates  A  and  B  are  impressed  with  the  same  series 
of  graduated  exposures  by  the  sector  wheel,  and  the  inertia 
of  A  is  found  to  be  0.2,  while  the  inertia  of  B  =  0.4,  then  the 
speed  of  A  is  twice  that  of  B.     If  the  speed  of  B  is  85  H.  &  D., 

then  the  speed  of  ^  =  -^  =  170  H.  &  D. 

There  are  one  or  two  other  applications  of  the  H.  &  D.  system 
that  are  of  use  in  practical  photography.  For  instance,  if  we 
have  to  test  a  set  of  developers  for  their  density-giving  or  re- 
ducing properties,  a  series  of  strips  of  the  same  emulsion  are 
exposed  and  these  strips  developed  in  the  different  developers  or 
combinations  of  them.     When  the  strips  have  been  read  their 
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curves  will  show  i^ra|)liically  the  perforinaiice  of  the  various 
developing;  a<i:enls.  l\>r  estimating;  the  action  of  the  various 
intensi tiers  and  reducers  a  number  of  strips  are  exposed  and  their 
cur\e>  i)lotted,  then  if  any  of  the  plate  strips  are  submitted  to  the 
action  oi  an  intensifier  or  reducer  the  difference  iK^ween  the 
curve  obtained  after  treatment  and  the  first  curve  is  an  indication 
of  the  action  to  which  the  plate  has  been  subjected. 

Apart  from  the  determination  of  the  si)eed,  fo<;.  j^amma  in- 
finity, and  velocity  constant  of  emulsions,  there  is  another  very 

Fig.  13. 


important  factor  which  must  be  considered :  this  is  color  sen- 
sitiveness. To  determine  this,  a  Hilger  diffraction  grating  spec- 
trograph is  used.  This  instrument  is  designed  so  as  to  project 
and  bring  to  a  focus  in  the  image  plane  a  dift'raction  spectrum 
much  as  any  image  is  brought  to  a  focus  on  an  ordinary  camera. 
The  complete  instrument  is  shown  in  Fig.  12.  The  plate-holder 
is  3^4  by  4 14  inches,  and  has  fitted  into  it  an  accurately  engraved 
wave-length  scale.  The  plate  to  be  tested  is  exposed  behind  the 
wave-length  scale  to  the  action  of  the  spectrum.  The  spectro- 
scopic slit  has  in  front  of  it  a  black  glass  wedge  that  produces  a 
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<^ra(Hent  of  exposure  across  the  width  of  the  spectrum  so  that 
we  ohtain  a  negative  that  shows  <i^raphically  the  color-sensitive- 
ness curve  of  the  euuilsion.  This  automatic  curve  plotting  is 
due  to  the  wed^e.  I  f  a  plate  is  very  sensitive  to  a  certain  color, 
that  color  will  stand  more  (lampin<(  down  hy  the  w^edge  hefore 
its  power  to  impress  the  plate  is  lost  than  will  a  color  to  which 
the  plate  is  not  so  sensitive,  and  so  the  maximum  (jr  peak  of 
the  curve  represents  the  wave-length  to  which  the  ]>late  is  most 
sensitive.  The  results  ohtained  are  illustrated  in  M^j^.  13;  the 
top  curve  is  the  usual  one  given  by  non-color  sensitive  emulsions. 

Fig.  14. 


Its  maximum  is  at  wave-length  4900  in  the  blue,  and  it  is  quite 
insensitive  to  yellow.  The  second  curve  is  characteristic  of  an 
orthochromatic  or  color-sensitive  emulsion.  A  maximum  still 
exists  in  the  blue,  but  in  addition  there  is  a  secondary  maximum 
at  5600  in  the  yellow\  This  additional  color-sensitiveness  is 
obtained  by  adding  a  dye — erythrosine — to  the  emulsion  during 
manufacture.  The  presence  of  the  dye  gives  to  the  emulsion  the 
power  of  absorbing  yellow  light  instead  of  passing  it,  and  the 
light  so  trapped  is  used  in  forming  a  developable  image.  The 
third  curve  is  typical  of  a  panchromatic  emulsion. 
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There  is  an  almost  e(|iial  sensitiveness  throughout  the  Sfjec- 
truin.  In  panchroniatisin<;  an  emulsion  two  dyes  are  usually 
used — ])inachrome  and  ])inacyanol.  It  is  not  usual  to  incorjxjrate 
these  dves  with  the  emulsion  during  manufacture,  but  the  fin- 
ished plates  are  bathed  in  a  solution  of  the  dyes.  The  first  two 
curves  show  the  im])ortance  of  orthochromatism.  A  non-color 
sensitive  plate  will  render  even  dark  blue  as  white  and  light  yellow- 
as  black,  in  absolute  contradiction  to  the  visual  effect.  It  cannot 
well  be  otherwise,  since  the  greatest  sensitiveness  of  an  ordinary 
plate  is  in  the  blue,  and  there  is  no  record  made  of  anything 
vellow,  so  vellow  must  be  rendered  as  black  and  blue  as  white 

Fig.  15. 


in  the  hnal  print.  An  orthochromatic  emulsion  giving  a  curve 
like  Xo.  2,  having  a  secondary  maximum  in  the  yellow,  will  give 
a  better  rendering  of  color  luminosity,  but  not  a  really  true  ren- 
dering, because  the  blue  sensitiveness  is  still  predominant.  How 
to  obtain  true  color  correction  by  the  use  of  a  yellow  screen  is 
shown  in  Fig.  14.  The  first  curve  is  characteristic  of  an  un- 
screened orthochromatic  emulsion  with  maximum  sensitiveness  in 
the  blue.  The  second  curve  shows  the  effect  of  exposing  through 
a  screen  having  a  multiplying  factor  of  five.  The  action  of  the 
blue  has  been  curtailed,  and  colors  will  now  be  rendered  in 
practically  their  correct  values.  The  maxima  have  been  shifted, 
so  that  blue,  blue-green,  and  yellow  will  be  rendered  as  they 
appear  visually. 

All  of  the  foregoing  discussion  has  been  in  connection  with 
negative  emulsions,  but  recentlv  a  modification  of  the  plate-test- 
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ing  system  has  been  applied  to  llic  (Icicrminatioii  of  the  character 
of  developin^-out  pai)er  emulsions. 

lH>r  this  work  a  sector  wheel  is  also  used  for  producing  a 
known  series  of  exposures;  the  form  of  the  wheel  is  shown  in 
Fig.  15.  'JMiere  are  16  sectors  increasing  in  value  as  powers  of 
the  square  root  of  2.  (ieometric  step-up  in  exposure  is  not 
practical  for  pai)er  emulsions ;  such  steps  are  too  widely  separated 
to  reveal  the  delicate  gradation  scale.  The  exposing  instrument 
used   in  this  work  is  practically  the  same  as  that  for  negative 

Fig.  16. 


emulsions,  but  in  order  to  keep  exposure  within  reasonable  limits 
a  1 5-candle-power  electric  glow  lamp  is  used,  controlled  by  a 
potentiometer.  The  paper  strips  are  developed  at  standard  tem- 
perature, and  after  drying  are  read  in  a  specially  designed  photom- 
eter. When  reading  paper  deposits  we  are,  of  course,  dealing 
with  differences  in  reflecting  power,  which  vary  according  to 
the  amount  of  silver  reduced.  In  devising  a  photometer  for 
reading  reflection  densities  precautions  must  be  taken  to  avoid 
specular  reflection  or  polarization  of  light  at  the  surface  of  the 
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paper.  riic  photometer  in  use  for  this  piiriH>sc  is  ilkistrated  in 
\'v^.  i().  The  strip  n{  <;ra(hiatc(l  densities  is  ilkiniinated  with 
45-degree  hght,  and  the  tube  of  the  instrument  is  at  ri«;hi  angles 
to  the  paper  surface.  Tlie  photometer  is  a  modification  of  the 
Martens  instrument. 

In  iMg.  17  the  curves  obtained  with  the  various  grades  of 
Cyko  paper  are  shown.  The  curve  given  by  Contrast  Cyko  is 
characteristic  of  tliis  emulsion  and  shows  the  short  scale  and  steep 
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rise  of  a  paper  of  this  type.  Normal  Cyko  has  a  longer  scale  and 
less  steep  rises  in  density.  Soft  Cyko  and  Professional  Cyko  give 
curves  that  are  characteristic  of  their  performance. 

The  paper-measuring  system  has  been  in  use  only  a  short 
while  for  determining  and  maintaining  a  standard  of  quality  in 
developing-out  paper  emulsions.  There  is,  however,  every  in- 
dication that  it  will  prove  as  useful  as  the  system  of  plate-speed 
measurements  has  in  the  control  of  negative  emulsions. 

BiNGHAMTOx,  X.  Y.,  May.  191". 
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Common  Misconception  on  Pistol  Shooting.  A.  1'.  Lane. 
(NeiK'  )'ork  Sunday  .hiicrican,  1914.  Issued  l)y  Colt's  i'atent  Fire 
Anns  Alaniit'acturiii<4  Company,  llartford.  Conn.)  —  IMstol  shooting 
— and,  for  that  matter,  all  kinds  of  shooting — is  the  suhject  of  more 
misconception  on  the  part  of  the  i)nl)lic  or  layman  than  any  other 
sport  extant,  it  is  popidarly  sui)pose(l  that  a  pistol  in  the  j)ocket  or 
within  easy  reach  is  a  i)rotection,  (piite  without  regard  to  the  pos- 
sessor's ability  to  use  tlie  weapon  properly.  As  the  average  man 
uses  a  pistol  it  is  not  effective  more  than  ten  feet  from  the  mark. 
At  that  distance,  if  the  arm  wavers  a  half  inch,  as  is  quite  likely,  be- 
cause of  the  sudden  jerk  on  the  trigger — a  fault  characteristic  of  the 
novice — that  the  bullet  will  not  touch  an  assailant  at  all.  Skill  in 
shooting  does  not  recpiire  phenomenal  ability.  Any  man  can  become 
a  fair  marksman  b)-  a[)plication  and  practice.  Training  is  unneces- 
sary ;  the  best  shooting  can  be  done  by  a  man  in  his  ordinary  normal 
condition. 

To  the  uninitiated,  an  expert  pistol  shot  holds  the  gun  out  with 
a  steady  hand,  gets  it  right  over  the  bull's-eye,  and  pulls  the  trigger. 
Xothing  could  be  further  from  the  fact.  The  pistol  shooter  cocks 
the  gun  with  the  thumb,  holds  it  out  toward  the  target  with  his  arm 
extended  straight,  takes  aim,  begins  gradually  to  pull  the  trigger, 
watches  the  gun  weave  back  and  forth  across  the  mark,  and,  when 
it  is  in  the  middle  of  one  of  its  trips  across  the  bull's-eye,  finishes 
the  pull  of  the  trigger.  There  is  no  such  thing  as  holding  a  pistol 
immovably  over  a  bull's-eye  and  shooting — that  is  a  human  impos- 
sibility. The  arm  is  bound  to  sway  to  and  fro,  even  if  ever  so 
slightly,  and  the  only  way  to  hit  the  centre  of  the  bull's-eye  is  to  have 
the  hammer  fall  just  as  the  gun  happens  to  be  going  across  the  mark. 

]\Iany  persons  believe,  because  a  pistol  kicks  up  W'hen  fired,  that 
a  marksman  estimates  how  much  the  weapon  is  going  to  kick  and 
aims  at  a  correspondingly  low  point.  The  gun  kicks,  it  is  true,  but 
that  entails  no  guesswork  on  the  part  of  the  marksman.  When  the 
sights  are  fixed,  allowance  is  made  for  the  upward  kick  due  to  the 
recoil,  and  if  the  sighting  of  the  shooter  is  accurate  the  shot  will  be 
accurate.  With  automatics,  in  which  the  recoil  is  utilized  to  expel 
the  spent  cartridge  and  insert  a  new  one,  it  is  not  uncommonly  be- 
lieved that  the  shooter  pulls  the  trigger  and  holds  it  back  until  all 
the  shots  are  iired.  If  this  were  the  case  the  weapon  would  kick  up  a 
little  with  every  shot  and  the  shooter  would  shoot  himself  in  the 
face  in  the  fraction  of  a  second.  These  pistols  shoot  easily  with  a 
very  slight  trigger  pull,  but  the  trigger  must  be  released  and  pulled 
for  each  shot. 
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Pr()fcS!?or  of  Electrical  EnKi'iccnn^r.  C'lrnir,  Univi  r^;ty ,  I'.haca.  N.  Y. 
ALTERNATING-CURRENT    GENERATORS. 

We  have  already  seen  tliat  direct-current  niachinerv  had  be- 
come somewhat  standardized  by  1890,  and  that  the  Hobart  ma- 
chine, described  on  page  22.  has  design  constants  and  a  tvpe  of 
mechanical  construction  which  do  not  differ  much  from  those  of 

Fig.  32. 


Belt-driven  single-phase  alternator,  90  k.w.,   16,000  alternations. 

similar  machines  of  recent  date,  but  at  that  time,  2^  years  ago, 
there  was  no  one  type  of  alternator  that  was  considered  superior 
to  all  others. 

The  first  Niagara  machines,  shown  in  Fig.  3,  had  an  external 
rotating  field  system,  this  type  of  construction  being  considered 
necessary  to  give  the  large  flywheel  effect  required  to  maintain 
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the  speed  a|)[)r()xinKilely  coiistaiil  with  ehan<4in^-  load.  Rotat- 
iii<4  armature  machines,  sncli  as  that  shown  in  Fi^.  32,  were 
still  listed  in  Kjo^,  and  inductor  alternators  of  the  type  shown 
in  M^^  33  were  on  the  market  as  late  as  Kjoj,  but  the  advan- 
tages of  the  present  type  of  internal  rotating-  field  construction 
were  such  that  hy  1900  most  of  the  other  types  had  been  dis- 
carded, so  that  (iuilbert,  in  describing;  the  alternators  that  had 
been  on  exhibit  at  the  I'aris  h^xposition  in  1900,  states  as  follows: 
"  One  of  the  most  striking  features  was  the  triumph  of  the 
three-phase  system  even   for  li<;htin^;  of  equal  interest  was  the 
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Inductor  alternator  with  vertically  split  armature. 

fact,  as  had  been  foreseen  before  the  opening  of  the  Exposition, 
that  the  inductor  type  of  alternator  was  being  abandoned.'' 

Many  data  have  been  published  on  these  Paris  machines.^* 
From  these  data,  and  from  some  additional  information  pub- 
hshed  by  Rothert,^^  the  seven  machines  in  Table  III  have  been 
selected  as  typical  alternators  of  1900,  and  these  we  shall  use 
as  a  starting  point  in  our  study  of  modern  machines.     Let  lis 

^^  L'£clairge  Electrique,  vol.  29,  p.  276,  November  23,  1901 ;  Electrical 
World,  vol.  2>7,  PP-  ii3,  I54  ^9A,  231,  274,  302,  352,  398.  January  to  March, 
1901. 

^'^  L'Eclairage  Electrique,  vol.  29,  p.  307,  November  30,  1901.  See  also 
"  Engineering  Evolution  of  Electrical  Apparatus,"  Lamme.  Electric  Journal, 
vol.  II,  p.  73. 
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first.  ln>\vcvcr.  take  up  the  wirioiis  limitations  in   llic  (lc'sii;n  of 
polyphase  alternators. 

Tahlf.  III. 

Kv'.a 2IS  800  800  80(j  loijo  I.3.10  1400 

Volts 220  2200  2200  2400  5000  ssoo  3000 

Ampi^ros 565  210  210  207  115  140  270 

Phases 3  3  3  3  3  3  3 

Frequency 32  42. 5  5^  50  so  25  50 

R.p  m 120  80  7y  94  94  75  72 

Poles 32  64  70  64  64  40  84 

Internal  diameter  of  stator 

in  inches 106  236  236  197  230  214  252 

Frame  length  in  inches ...  .            10  10  10.7  11  11. 8  17  10 

m.  Pole  pitch  in  inches. ..  .        10.4  11.6  9.8  9.7  11.3s  16.8  9.4 
n.  Air-Kap     clearance     in 

inches I07  -312  .275  .275  .312  .43  ,23s 

Ratio  w/m 52.5  37  35-5  35  3«'>  39  40 

Slots  per  pole 3  6  6  3  6  6  6 

Size  of  slot  in  inches 1.85  dia.  .87X1.4  .6X1.15  1.7X2.5  i.i  dia.  1X2.7  .83X2.2 

Conductors  per  slot 9  6  5  7  6  9  6 

Connection YYYY  delta  YY  Y  Y  Y  delta 

Tooth/slot —  1.24  1.72  .9  —  1.8  i.o 

Maximum  tooth  density  at 

no  load  in  lines  per  square 

inch 104,000  110,000  65,000  115,000  104,000  77,000  100,000 

Core  density  at  no  load. .. .    29,000  30,000  21,000  30,000  18.000  54,000  26,000 

Pole  density  at  no  load ....  118,000  120,000  111,000  118,000  109,000  90,000  114,000 

a.  Ampere  conductors  per 

inch  of  periphery 365  375  320  450  370  450  570 

b.  Circular  mils  per  ampere,         740             430  450  620  725  1060  480 

Ratio  a/6 .49              ,87  .71  -72  .51  .42  1.18 

Peripheral  velocity  of  rotor 

in  feet  per  minute 3320  4950  4900  4850  5650  4200         4750 

c.  Ampere  turns  per  pole  at 

no  load 5385  7600  4600  6950  5i75  8050         6675 

d.  Armature  ampere  turns 

per  pole 1920  2200  1600  2200  2100  3800  2750 

Ratio  c/d 2.8  3.45  2.87  315  2.46  2.12  2.42 

Pole  enclosure. 57  .5  .8  .61  .66  .65              .64 

Output  factor  X  100 1.64  1.82  2.12  2.15  1.72  2.3  31 

Volts  per  phase  =2.22  Xconductors  per  ph.  X  <|)  X  f  Xio-s 
Tooth  area  per  pole  =minimum  tooth  X  slots  per  pole  X  net  iron  in  frame 
length.  X  ^ 
Pole  density  =gap  fiiuxXleakage  factor/pole  area 
Ampere  conductors  per  inch  of  periphery  =current  per  conductor  Xconductors  per  phase  Xphase,. 

IT  X  stator  internal  diameter 
Ampere  turns  per  pole  at  no  load  =op.  Fig.  38. 
Armature  ampere  turns  per  pole  ^current  per  conductor  Xconductors  per  pole 

2 
Output  factor  =volt  amperes 
rpmXD-L 

Performaxce  Characteristics. — Fig.  34  is  a  section  of  a 
three-phase  alternator  showing  the  conductors  of  only  one  phase. 
When  this  machine  is  supplying  current,  these  conductors  are 
encircled  by  the  Hnes  of  force  of  the  alternating  magnetic  fluxes 
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</),,  and  <A,.  Ihc  former,  often  lalli'd  the  armature  leakage  flux, 
generates  a  voltage  of  self-induction  in  the  conductors  which  is 
proportional  to  the  current  and  is  e(|ual  to  IX  where  X,  called 
the  leakage  reactance,  is  constant,  since  the  flux  <l>x  is  propor- 
tional  to   the  current   which   produces   it,   the   reluctance   of  the 


Armature  fluxes  produced  by  one  phase  of  a  three-phase  alternator. 

Fig.  35. 


MOTION 

Armature  field  of  a  three-phase  alternator  when  the  current  lags  90  degrees. 

Fig.  35A. 
PH.l  PH. 2         PH. 3 


Currents  in  three  phases. 

leakage  path  being  practically  all  in  the  air  part  of  the  path. 
The  magnetic  flux  <^r  enters  the  poles  and  so  modifies  the  main 
field. 

Fig.  35  shows  a  section  through  the  same  three-phase  machine 
and  shows  the  current  distribution  in  the  conductors  when  the 
power  factor  of  the  load  is  zero  and  the  current  lags  90  degrees 
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behind  the  terminal  voltage.  Under  these  conditions  the  cnrrent 
is  a  niaxinuini  in  the  condnctors  that  are  between  the  poles,  be- 
cause in  these  conductors  no  electromotive  force  is  beinj;  gen- 
erated. J  he  three  lUixes  <^r,  produced  by  the  three  phases,  com- 
bine to  give  a  gliding  held  exactly  as  in  an  induction  motor, 
which  field  is  proportional  to  the  current  flowing  and  moves  at 
synchronous  speed  in  the  same  direction  as  the  rotating  poles. 
The  phase  relation  between  this  armature  field  and  that  pro 
duced  bv  the  poles  depends  on  the  pow-er  factor  of  the  load  and, 
as  shown  in  Fig.  35,  directly  opposes  the  main  field  at  zero 
power  factor. 

Fig.  36. 


Vector  diagram  per  phase  of  a  polyphase  alternator. 

These  effects  of  armature  reaction  can  best  be  indicated  by  a 
vector  diagram,  as  shown  in  Fig.  36. 

The  no-load  m.m.f.  Fo  produces  an  alternating  flux  in  the 
winding  of  each  phase,  and  the  voltage  Eo  generated  in  each 
phase  lags  Fo  by  90  degrees. 

The  m.m.f.  of  the  armature  produces  a  synchronous  gliding 
field  of  constant  magnitude  and  causes  an  alternating  flux  to 
thread  the  windings  of  each  phase.  It  may  be  seen  from  Fig.  35 
that  the  armature  flux  threading  phase  i  is  a  maximum  when 
the  current  in  that  phase  has  its  maximum  value ;  thus  in  Fig.  36 
we  have : 
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/*„  is  tlif  no  load  lu.in.f. 

Ji„  is  the  voltaj^c  per  pliase  diu-  \n  !•  ^^. 

I  is  the  current  i)er  phase. 

/•"„  is  the  ni.!U.f.  c)f  armature  reaction   whicli,  as  pointed  out  in  the  last 

j)araj^raph.  is  in  phase  with  /. 
Pfj  is  the  resultant  ni.ni.f.  due  to  tield  and  armature. 
(^g  is  the  rt suiting  synchronous  llu.x. 
liy  is  the  voltage  per  phase  due  to  c/),/- 
(^j.  is  the  armature  leakage  llux  per  phase. 
IX  is  the  leakage  reactance  droj). 
li,,  the  terminal  voltage  per  phase,  =  /i,^     IX  -  IR  taken  as  vectors. 

The  voltage  drop  cc  due  to  the  combined  effect  of  leakage 
reactance  drop  and  drop  due  to  armature  reaction  is  generally 
called  the  synchronou.^  reactance  drop. 


Fu;.  37. 


Fig.  38. 
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Characteristic  curves  of  an  alternator. 


AMP.  TURNS 
P.  POLE 

Test  curves  of  a  150-kw.,  600  r.p.m. 
three-phase  alternator. 


In  the  particular  case  when  the  power  factor  is  zero  and  the 
current  lags  the  terminal  voltage  by  90  degrees,  the  leakage  re- 
actance drop  is  subtracted  directly  from  the  generated  voltage, 
and  the  magnetomotive  force  of  armature  reaction  is  subtracted 
directly  from  the  exciting  m.m.f.  The  voltage  drop  due  to 
armature  reaction,  however,  decreases  as  the  poles  become  satu- 
rated, because  the  same  m  m.f.  produces  a  gradually  decreasing 
reduction  in  the  flux.  These  two  effects  are  well  shown  in  Fig. 
2)7,  where  curve  i  is  the  no-load  saturation,  ah  is  the  m.m.f.  to 
overcome  the  demagnetizing  effect  of  armature  reaction,  and  he 
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is  the  voltai^c  drop  due  to  this  efYcci,  be  i>  the  leakage  reactance 
drop,  and  ('  is  a  point  on  the  full-load  saturation  curve  at  zero 
ptnver  factor. 

Jt  is  found  in  practice,  however,  that  the  twtj  curves  are  not 
parallel  to  one  another  as  shown,  hut  i^radually  separate  as  in 
Fig.  3S,  which  gives  test  data  on  an  actual  machine.  The  addi- 
tional voltage  drop  is  due  {o  the  pole  leakage.  The  ni.m.f.  re- 
quired to  generate  a  voltage  E,,  on  no  load  is  op.  Fig.  38,  but, 
when  the  alternator  is  loaded  and  the  power  factor  is  zero,  the 
m.ni.f.  for  the  same  generated  voltage  is  oq;  the  flux  crossing  the 
air-gap  is  unchanged,  but  the  leakage  flux  from  pole  to  pole  is 
increased  in  the  ratio  oq/op,  and.  under  these  conditions,  an  in- 
creased excitation  is  required  because  of  the  higher  densities  in 
the  pole  core.  The  relative  amounts  of  these  three  effects  can 
be  showai  as  follows : 

The  distance  ab.  Fig.  38,  is  determined  from  the  formula : 
Demagnetizing  ampere  turns  per  pole  =  0.35  Z  Ic/p. 
where  Z/p  is  the  total  conductors  per  pole. 

Ic  is  the  current  per  conductor, 
and  the  distance  be  must  be  the  leakage  reactance  drop :  this  can 
be  checked  approximately  by  calculation.  If  the  triangle  abc  be 
now  placed  so  that  the  full-load  saturation  curve  found  by  actu'il 
test  is  the  locus  of  the  point  c,  then  the  locus  of  point  a  is  what 
designers  call  the  no-load  saturation  curve  figured  with  the  full- 
load  leakage  factor,  and  the  excitation  ad  is  the  additional  excita- 
tion for  the  poles  over  that  required  at  no-load  for  the  same 
air-gap  flux. 

LiMiTATioxs  IX  Design. — If  it  is  desired  to  have  good  regu- 
lation, particularly  with  low  power  factor  loads,  it  is  necessary 
to  keep  the  synchronous  reactance  drop  fc.  Fig.  38,  small  com- 
pared with  the  normal  voltage.     To  accomplish  this  result: 

1.  Keep  the  leakage  factor  small  and  the  pole  density  below 

saturation. 

2.  Keep  the  leakage  reactance  small :  this,  as  shown  in  Fig.  39, 

means  limiting  the  number  of  ampere  conductors  in 
the  phase  belt  x  or,  what  is  equivalent,  limiting  the 
number  of  ampere  conductors  per  inch  of  armature 
periphery. 

3.  Keep  the  demagnetizing  ampere   turns  per  pole  a  small 
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fraction  of  the  cxcilinc^  ampere  turns  per  pole  and 
saturate  llic  nia<;netir  circuit  so  as  to  make  the  voltage 
drop  be  small. 

One  may  well  ask  why  the  output  of  this  particular  machine 
is  limited  to  150  kilowatts.  Why  would  it  not  be  possible  to 
increase  the  main  excitation  and  thereby  allow  a  larj^er  current 
to  be  carried  by  the  armature  without  any  sacrifice  of  re<^ulation? 

Fig.  39. 


Winding  of  one  phase  of  a  three-phase  alternator,  showing  the  leakage  flux. 

Fig.  40. 


The  main  field  and  the  pole  leakage  field  of  an  alternator. 

Fig.  40  shows  part  of  a  machine  to  scale.  Of  the  flux  <j>p 
which  enters  the  pole,  the  leakage  flux  <f>i  at  no  load  is  20  per 
cent.,  and  the  useful  gap  flux  cl>g  is  80  per  cent.,  under  which 
conditions  the  pole  density  at  the  root  is  100,000  lines  per 
square  inch,  and  the  tooth  density  95,000,  while  the  length  of 
the  pole  is  just  suflicient  to  give  the  necessary  radiating  surface 
to  the  field  coils. 
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If,  then,  the  field  excitation  is  increased  50  per  cent.,  the  pole 
leni^-th  will  increase  in  the  same  ratio  to  dissipate  the  additional 
heat,  the  air-^i^ap  will  be  increased  to  use  up  the  increased  ni.ni.f., 
since  <i>g,  limited  by  the  tooth  density,  remains  constant,  but  the 
area  as  well  as  the  m.m.f.  of  the  leakage  path  will  be  increased, 
so  that  the  leaka^j^e  will  become  ( 1.5 )~,  or  j.25  times  the  original 
value,  and  the  tUix  density  at  the  root  of  the  pole  will  be 
excessive. 

Fig.  41. 

1300 


9  mooo 


^    5    &    7 

KV-A.  OUTPUT 

Values  of  ampere  conductors  per  inch  of  periphery  for  slow-speed  alternators. 


For  a  satisfactory  machine,  therefore,  all  of  the  dimensions 
in  Fig.  40  must  increase  as  the  ampere  turns  per  pole  are  in- 
creased, so  that  one  constant  in  design  is  the  ratio  ampere  turns 
per  pole/pole  pitch,  the  value  of  which  ratio  can  be  increased 
either  by  raising  the  permissible  temperature  rise  of  the  field 
coils  or  by  improving  the  ventilation.  It  is  of  interest  to  note, 
however,  that,  in  order  to  obtain  a  certain  desired  voltage  regu- 
lation, the  armature  ampere  turns  per  pole  are  made  a  definite 
fraction  of  the  main  excitation,  so  that  the  constant  used  by  the 
designer  is  rather  the  ratio  of  armature  ampere  turns  per  pole/ 
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]H»lc  pitch,  of  which  llic  ainpc-rc  conductors  per  incli  of  arma- 
ture periphery  are  a  delinite  measure.  This  constant,  there- 
fore, wliich  we  found  to  be  of  j^reat  im])ortance  in  direct-current 
design,  is  of  equal  importance  in  the  design  of  aUernators,  Imt, 
since  its  vahie  depends  on  so  many  factors,  the  writer  who  gives 
a  tal)le  of  vakies  is  subject  to  criticism.  Let  us.  however,  ex- 
amine a  few^  machines  and  see  Avhat  vahies  are  found  in  practice. 

Tahlh  IV. 

Kv.a 1 000 

Phases 3 

Frequency 50 

R.p.m 94 

Poles 64 

Date  1900  1917 

Internal  diameter  of  stator  in  inches 230  130 

Frame  length  in  inches 11.8  13.5 

Centre  vent  ducts None  3  of  3^  inch 

End  vent  ducts None  2  of    i  inch 

m.  Pole  pitch  in  inches 11 .35  6.4 

71.  Air-gap  clearance  in  inches 5/16  3/16 

Ratio  m/n 36  34 

Slots  per  pole 6  6 

Size  of  slot  in  inches i.i  dia.  .5X2.75 

Tooth  slot 0.8  1 .  12 

Maximum  tooth  density  at  no  load  in  lines  per  sq.  in.  104,000  100,000 

Core  density, 18,000  50,000 

Pole  density 109,000  95,000 

a.  Ampere  conductors  per  inch 370  900 

b.  Circular  mils  per  ampere.^. 725  750 

Ratio  a/b .51  1.2 

Peripheral  velocity  of  rotor  in  feet  per  minute ....  5700  3200 

c.  Ampere  turns  per  pole  at  no  load 4500  by  test   3700 

d.  Armature  ampere  turns  per  pole 2100  2880 

Ratio  c/J 2.15  1.28 

Pole  enclosure 0.66  0.7 

Output  factor 0.0172  0.047 

Guaranteed  temperature  rise 40°  C.  50"  C. 

Table  III  gives  data  on  several  of  the  machines  that  were 
exhibited  at  the  Paris  Exposition;  the  1400-kv.a.  machine  is  of 
special  interest  because  Rothert  claims  that  it  is  so  much  superior 
to  other  machines  of  that  time.  The  values  of  ampere  con- 
ductors per  inch  found  in  these  machines  are  plotted  in  Fig.  41, 
and   on  the   same   diagram   are  plotted  figures  given  by   S.   P. 
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'J'honipson  in  1905;  those  iiulicalo  the  iinprovcincnl  in  ventila- 
tion in  li\e  \ears.  Tlie  li<;nres  ot  k^io  are  lii^lier  l)ecansc  oper- 
ating engineers  were  willing  to  accept  poorer  regnlation  in  order 
to  get  a  cheaper  machine,  while  the  enornioii>  ini-rease  in  the  last 
seven  vears  is  due  ])artl\  lo  the  fact  that  the  larger  machines 
are  now  rated  at  50  C\  rise  with  no  overload  guarantee,  but 
more  particularly  to  the  fact  that  regulation  has  heen  thrown 
to  the  winds  and  the  voltage  maintained  at  all  loads  and  power 
factors  bv  voltage  regulators  such  as  these  first  invented  hy 
Tirrell. 

Fk;.  42. 
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Comparison  between  a  machine  built  in  1900  and  one  built  in  1917  for  the  same  output. 

Perhaps  the  best  conception  of  the  progress  made  in  design, 
and  of  the  entire  change  in  performance  characteristics,  may 
be  obtained  from  Table  IV,  which  gives  comparative  data  on  the 
looo-kilovolt-ampere  machine  exhibited  at  the  Paris  Exposition 
and  on  a  unit  as  designed  to-day  for  the  same  output.  The  two 
machines  are  drawn  to  scale  in  Fig.  42,  and  the  performance 
characteristics  are  given  in  Fig.  43.     With  an  excitation  neces- 
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sar\  to  i^i\c  iiunnal  xolla^^c  on  no-load,  tlu-  cnrrcnl  on  short- 
circuit  is  J.J-:,  limes  full-load  current  in  the  early  machine  and 
is  oid\-  1.5  tiiucs  I'ull-load  current  in  the  more  recent  desif^n. 
In  the  case  of  alternators  of  lar^e  output .  when  the  air-gaj) 
clearance  is  not  limited  ])artlv  hv  mechanical  clearance,  the 
short-circuit  current  with  normal  no-load  excitation  does  not 
j^reatly  exceed  the  full-load  value. 

The   regulation   guarantees  expected   at   various   times   have 
heen  : 

Date  RcRulation  at  100  per  Regulation  at'8o  per 

cent,  power  factor  cent,  power  factor 

Percent.  Per  cent,  = 

1900   5  15 

1910   8  20 

1917  20  40 

The  method  of  obtaining  good  regulation  in  the  early  ma- 
chines was,  as  shown  in  Fig.  43a,  to  saturate  the  magnetic  cir- 
cuit and  to  use  a  small  number  of  ampere  conductors  per  inch 
of  periphery.  Since  it  was  not  possible  to  use  high  tooth  densi- 
ties as  in  direct-current  machines  because  of  the  high  frequency 
and  the  stationary  armature,  it  was  usual  to  run  the  pole  density 
above  saturation,  and  this  often  caused  an  excessive  drop  in 
voltage,  due  to  pole  leakage.  The  machines,  therefore,  would 
not  give  an  overvoltage  if  this  was  desired;  the  iron  going  into 
the  machine  had  to  be  carefully  tested  for  2>ermeability  and  the 
leakage  fluxes  and  saturation  curve  closely  calculated ;  the  ma- 
chines also  were  large  for  their  output.  The  tendency  in  America 
until  almost  1900  was  to  build  a  cheaper  machine,  of  poorer  in- 
herent regulation,  and  to  compound  or  compensate  the  machine 
for  voltage  drop ;  series  excitation  was  obtained  by  some  kind  of 
rectifying  device  such  as  that  shown  on  the  end  of  the  shaft  in 
Fig.  Tf2.  This  scheme  worked  well  on  the  small  single-phase 
units  used  for  lighting  service,  because  the  power  factor  was 
approximately  constant,  but  it  gradually  lost  favor  as  the  poly- 
phase system  came  into  general  use. 

The  extent  to  which  alternators  have  been  gradually  rated  up 
is  well  indicated  by  the  curves  of  output  constant  given  in  Fig.  44. 
It  is  of  interest  to  note  from  these  curves  that,  contrary  to  gen- 
eral opinion,  the  core  dimensions  of  an  alternator  are  greater 
than  those  of  a  direct-current  machine  of  the  same  output.     This 
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is  clue  principally  to  the  fact  that,  whereas  in  direct-current  ma- 
chines toolh  densities  of  150,000  lines  per  square  inch  arc  not 
exceptional,  values  of  100,000  lines  per  scpiare  inch  cannot  safely 
be  exceeded  in  60-cycle  alternators,  because  the  loss  at  that  fre- 

FlG.  43A 
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Fig.  43B. 
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Performance  characteristics  of  the  machine  built  in  1917. 

quency  is  large,  while  the  ventilation  of  a  stationary  core  is  not 
nearly  so  effective  as  is  that  of  a  rotating  armature. 

Ventilation. — Many  of  the  early  alternators  were  so  large 
for  their  output  that  no  special  provision  was  necessary  in  order 
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((•  kc'c])  llic  tcmiK-ralurt'  rise  down  to  a  safe  value.  The  machine 
shown  in  Mi;-.  42,  for  exninple,  docs  not  even  have  vent  ducts 
in  the  stalor.  Mven  in  the  case  of  modern  machines,  the  slow- 
speed  allernalor  does  not  re(|nire  that  an\'  special  precautions  be 
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Output  constants  of  slow-speed  alternators. 

taken  to  keep  it  cool,  and  it  is  only  as  the  speed  for  a  given  out- 
put increases,  and  therefore  the  dimensions  decrease,  that  the 
problem  becomes  difficult. 

The  temperature  rise  is  proportional  to    ^^^^     ,  ^  y.    where 

^  D  Lis  the  armature  surface 

V  is  the  peripheral  velocity  of  the  armature 

a  and  h  are  radiation  and  convection  constants  respectively. 

D'^L  X  Tpm 

The  output  in  Kv.  a.  = ^     —  =  {DLV)  X  a  constant, 
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X  a  constant 


(a  +  &  F)  '  '  output 
=  (per  cent,  loss)  X  f      ,   ^  ^J 

so  that,  for  a  given  output  and  a  given  efficiency,  the  higher  the 
peripheral  velocity  the  more  difficult  it  is  to  keep  the  machine 
cool.     But  note  further  that 

F=  —  X  rpm 
12 

_7rD        120/ 

'^        Z 

12  p 

=  10  X  pole  pitch  X  frequency 
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so  that,  for  a  ^nven  output  and  given  freciuency,  the  greater  llic 
pole  pitch  the  more  ditTicuU  it  becomes  to  keep  the  machine  cool. 
This  is  shown  in  rather  a  striking  way  if  we  compare  two  water- 

Fk;.  45. 


Comparison    between    two   io,ooo-kv.a.  water-wheel  generators,  one  of    100    r.p.m.  and  the 

other  of  600  r.p.m. 

wheel  generators,  one  to  operate  on  a  high  head  and  the  other 

on  a  low  head :  compare,  for  example, 

Kv.a 10,000  10,000 

Rpm 600  100 

Poles    12  j2 


Probable  dimensions  are 


80 

37 
21 


Internal  diameter  of  stator  in  inches.  . . 

Frame  length  in  inches 

Pole  pitch  in  inches 

Peripheral  velocity  of  rotor  in  feet  per 

minute 12,500 

Peripheral  velocity  at  run-away  speed.  .  22,500 


250 
26 
10.9 

6500 
11,700 
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Alexaxi)i:r  (Irav 


rj.  F.  L 


'riicsc  macliiiR's  arc  draw  ii  to  .scale  in  1m<;.  45,  and  it  can  now 
l)c  readily  seen  why  tlie  hi^di-spccd  machine  is  so  difficult  to 
ventilate:  it  lias  not  the  radiatinjj:  snrlace  of  the  slow-speed 
machine. 

In  slow-speed  machines  the  air  is  stirred  up  around  the 
stator  by  the  rotor  itself,  no  fan  blades  being  necessary.  The 
whole  C(^nstmction  is  open,  as  shown  in  F\<^.  47,  and  also  in 
diagram   A,  big.   4^).      With  this  type  of  ventilation  the  air  is 

Fi(i.  46. 


Different  methods  of  ventilating  alternators. 

not  always  directed  where  desired,  and  the  air  streams  are 
rather  unstable,  so  that  one  side  of  the  machine  is  often  cooled 
better  than  is  the  other.  With  moderate-speed  machines  it  be- 
comes necessary  to  properly  direct  the  air,  which  result  is  gen- 
erally accomplished  by  the  addition  of  fans  to  the  rotor,  while 
the  housings  are  often  made  solid,  as  show^n  in  Fig.  48,  and 
also  in  diagram  B,  Fig.  46,  so  as  to  deflect  the  air  over  the  back 
of  the  stator  windings  and  core. 

In  the  case  of  high-speed  water-wheel  units,  under  which 
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Fi(i.  47. 


Generator  with  open  end  bells. 

Fig.  48. 
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Generator  with  solid  end  bells. 


\li:.\.\\I)i:i^  Guan- 


rj.  F.  1. 


class  would  conic  llic  Ooo  r.p.iii.  machine  in  1m^-.  45,  the  frame  is 
generally  long  in  order  to  keep  the  peripheral  velocity  down  to  a 
safe  valne,  and  in  such  cases  it  is  necessary  to  create  an  air- 
pressure  in  the  end  hells  to  force  the  air  hetween  the  ])oles  and 
out  through  the  vent  ducts  in  the  centre  of  the  stator  c(-)re,  as 
shown  in  diagram  C\  l^^ig.  46,  and  also  in  l^1g.  49;  comparatively 
small  openings  are  left  at  D,  Fig.  46,  to  ventilate  the  end  hells. 

Mechanical  Construction. — One  feature  of  interest  is  the 
growing  ])opularity  of  the  vertical  shaft   or  umbrella   type  of 


iMC.    49. 


Generator  with  enclosing  end  bells  and  forced  ventilation. 

water-wheel  generator.  This  has  been  due  partly  to  improve- 
ments in  the  design  of  this  type  of  water-wheel,  but  also  in 
large  measure  to  the  development  of  a  reliable  thrust  bearing. 
The  Kingsbury  bearing  makes  use  of  that  feature  of  the  hori- 
zontal shaft  bearing  on  which  its  ability  to  carry  large  pressures 
depends ;  namely,  that,  as  shown  in  Fig.  50,  the  oil  is  drawn  into 
the  high-pressure  space  as  a  wedge,  by  the  rotation  of  the  shaft 
itself.  The  stationary  thrust  plate  of  this  type  of  bearing  is 
made  of  a  number  of  segments,  as  shown  in  Fig.  52,  these  seg- 
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Fk;.  50. 


OILPILM 


Oil  film  in  the  bearing  of  a  horizontal  shaft. 


Fig.  51. 
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MOTION 


al 
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OIL  FILM 

Oil  film  in  the  Kingsbury  thrust  bearing. 


Fig.  52. 


Parts  of  a  Kingsbury  thrust  bearing. 

Vol.  184,  No.  iioo — 17 
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nicnts  bcini;-  free  to  tilt,  so  llial  when  the  upper  phite  rotates  in 
the  ihrection  shown  in  Jm<;.  51,  the  lower  plates  tilt  and  the  oil 
wecl^^e  is  formed  as  indicated.  Snch  a  bearin^^  will  carry  an 
average  load  of  350  pounds  per  square  inch,  which  is  about  seven 
times  the  safe  value  for  an  ordinary  thrust  bearing. 

Figf.  53  shows  the  arrangement  of  the  guide  and  thrust  bear- 
ings of  such  a  vertical  generator,  Fig.  54  shows  the  very  sub- 
stantial support  used   to  carry  the  weight,   and   Fig.   55   shows 

Fig.  53. 


OIL  LEVEL- 
OIL  RESERVOIR  rOK 
THRUST  BEARING  -^-fHtr; 

CONVEX  5  CONCAVE :    I  J 

UEVEUIN6  WASHERS  11  r  iJ 

Vthick  perforata 
steel  covee 


CAST  COVER 
-NUT 
RUNNER 
BEARING  SHOES 
OVERFLOW  FOR  Oil 


RM.CROSS 
CONNECTIONS 

RM.  COILS 
LW1.ARM.IR0N 
POLE  BOLTS 


Section  of  Westinghouse  generator  with  two  guide  bearings. 

one  method  adopted  to  force  the  air  into  the  centre  of  the  long 
core  of  these  machines.  The  core  length  of  water-wheel  gen- 
erators of  large  output  is  generally  longer  than  it  would  be  for 
engine-driven  units,  because  the  diameter  has  to  be  kept  small  so 
that  the  stresses  due  to  centrifugal  force  will  not  be  excessive 
should  the  generator  run  aw^ay,  due  to  faulty  operation  of  the 
governing  mechanism  of  the  water- w^heel. 

It  is  generally  assumed  that  the  cost  and  w-eight  of  a  machine 
for  a  given  kilow^att  output  go  dowm  as  the  speed  is  increased. 
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Three    7800-kv.a.,    i44-r.i).in.    vertical   generators    with    Kingsbury   thrust   bearings. 

Fig.  55. 


Rotor  for  a  10,000-kv.a.,  144-r.p.m.  vertical  generator. 


'() 
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It  is  IriK'  lli.it  iIk'  \aliic  of  //-/.  decrease's,  hiii  wlicn  the  speed 
n-arlu's  siu'Ii  a  xaliie  that  a  radical  clian<;e  in  ihe  type  oi  coii- 
stnictioii  becomes  necessary,  as  for  exani])le  when  one  lias  to 
change  from  the  simple  cast-steel  spider  with  l)olted-(Mi  poles  to 
the  expensive  construction  shown  in  l'"i<;.  45,  where  the  rotor  is 
built  up  oi  steel  i>lates,  then  the  labor  cost  l)econies  a  larger  ])ro- 
portion  of  the  total  cost,  and  the  factory  cost  of  the  machine 
will  not  always  be  reduced.^'' 

(To    be    C0 11 1  hi  It  cd.) 


America's  Longest  Railway  Tunnel.  Anon.  {The  Contract 
Record,  vol.  31,  No.  21,  p.  449,  May  23,  1917.) — The  Rogers  Pass 
Tunnel,  ofllcially  know^n  as  the  Connaught  Tunnel,  on  the  line  of 
the  Canadian  Pacific  Railway  through  Selkirk  Range  of  the  Rocky 
Mountains  in  British  Columbia,  was  placed  in  service  on  December 
9,  1916.  The  completion  of  the  Connaught  Tunnel  is  without  doubt 
the  most  notable  achievement  in  the  art  of  tunnelling  ever  accom- 
plished on  the  American  continent.  To  complete  a  rock  tunnel, 
five  miles  long,  in  practically  three  years,  under  conditions  by  no 
means  easy,  is  an  undertaking  that  might  well  be  termed  a  brilliant 
success.  The  growing  traffic  congestion  of  this  division  of  the 
Canadian  Pacific  Railway  lines  made  the  greatest  speed  construc- 
tion essential.  To  meet  the  urgency  demanded  by  the  railway, 
methods  somewhat  removed  from  the  conventional  were  obviously 
a  necessity. 

The  rapidity  of  headway  was  a  result  of  the  combination  of 
two  elements — a  new  mode  of  heading  attack  and  a  revised  plan  of 
enlargement.  In  both  of  these  distinct  progress  is  evident  upon 
the  practices  heretofore' accepted.  First,  a  pioneer  bore,  inaugurated 
as  an  experiment,  was  looked  upon  with  distrust  by  many  authori- 
tative tunnelling  engineers,  because  it  did  not  follow  the  precedent 
set  by  prior  rock  tunnelling.  The  enlargement  operations  further 
demonstrated  the  success  of  progressive  ideas.  The  adoption  of  a 
central  heading  of  such  size  as  to  permit  radial  drilling  for  the 
final  enlargement  proved  its  value,  as  the  speed  of  driving,  averaging 
16  to  20  feet  daily,  constituted  a  record.  Blasting  in  rings  on 
planes  perpendicular  to  the  tunnel  axis,  although  an  innovation, 
contributed  to  phenomenal  progress.  Engineers  throughout  the 
world  have  expectantly  watched  the  progress  of  this  experiment. 
The  experiment  has  been  successful,  stereotyped  processes  are  at 
least  doomed  to  revision,  and  the  achievement  at  Rogers  Pass  will  be 
an  incentive  for  still  further  progress  in  this  important  branch  of 
engineering. 

"  Behrend,   Electrical  Review,   New   York,    vol.   45,    September    10,    1904 
(p.  375). 


THE  PHYSICAL  BASIS  OF  COLOR-TECHNOLOGY.'i= 

M.  LUCKIESH, 

Physicist,  Ncla  Research  Laboratory. 

One  of  the  most  annoyini^  features  of  dyes  is  the  cxircinL- 
rarity  of  pure  bkie  dyes.  Nearly  all  ])lue  dyes,  Table  YII,  trans- 
mit the  extreme  red  rays  quite  freely,  and  the  scarcity  of  blue- 
ereen  dves  which  are  not  dichroic  makes  it  difficult  often  to  find  a 
combination  which  transmits  only  the  violet  rays.  In  extremely 
high  concentrations  or  great  depths  some  blue  dyes  effectually 
absorb  most  of  the  extreme  red  rays. 

In  Table  \TII  are  presented  a  number  of  spectral  analyses 
grouped  under  the  common  name  of  purple  for  the  purpose  of 
classification.  An  interesting  case  is  that  of  ethyl  violet  in  gela- 
tine, both  wet  and  dry.  After  the  dyed  gelatine,  which  was 
flowed  on  clear  glass,  had  set,  and  while  still  wet,  the  spectral 
analysis  was  made.  The  sample  was  then  allowed  to  dry  and 
another  spectral  analysis  was  made.  On  plotting  these  data  a 
decided  difference  in  the  spectral  transmission  curves  is  seen,  as 
indicated  by  the  numerical  data.  The  wet  specimen  is  decidedly 
more  reddish  than  when  dry,  and  an  actual  shift  in  the  absori> 
tion  band  takes  place  on  drying.  Although  not  definitely  estab- 
lished, this  may  be  explained  as  due  to  a  diff'erence  in  the  re- 
fractive index  of  the  solvent  in  the  two  cases.  The  data  are 
corrected  for  reflections  from  the  gelatine  and  glass  surfaces. 

In  Table  IX  are  presented  spectral  analyses  of  dyed  gelatine 
filters  before  and  after  fading  by  exposure  to  solar  radiation. 
Such  data  are  of  special  interest  in  many  cases,  and  it  appears  of 
interest  to  make  a  thorough  study  of  the  fading  of  dyes  with  the 
aid  of  spectral  analyses.  Certainly  no  great  amount  of  informa- 
tion is  available  regarding  the  relation  of  the  spectral  character 
of  radiation  to  the  spectral  deterioration  of  dyes  or  the  relation  of 
either  of  these  to  the  chemical  composition.  Some  work  along 
this  line  is  in  progress.  Incidentally,  the  testing  of  dyes  under 
illuminants  containins:  ultraviolet  ravs  of  extremelv  short  wave- 
lengths  which  are  practically  absent  in   solar   radiation  at  the 

*  Concluded  from  page  93,  JuU-  issue. 
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earth's  Mii-iafc  or  in  ariil'icial  illiiiniiianls  as  coiiiiiioiil)'  encoun- 
tered is  ()j)en  to  criticism.  Spectral  analysis  has  not  l)cen  siiffi- 
cienlK  ntih/ed  in  peiananencN  tesl^  to  warrant  all  the  conclusions 
whuh  ha\e  lieen  drawn  in  this  matter,  although  some  excellent 
work  has  hecn  done."  .Mr.  .Mott  has  shown  that  the  results  with 
the  "  snow-white  "  llame  arc  in  dye-t'adinii  are  ])racticrdly  the 
same  as  those  ohtained  in  (la\liL(lU. 

APPLICATIONS    OF   SPECTRAL    ANALYSES   OF   DYES. 

The  uses  lor  spectral  analyses  of  dyes  are  manifold,  as  in  the 
case  of  any  class  of  colored  media.  In  general  they  provide  a 
physical  basis  for  systematic  color-mixture,  besides  providing  the 
necessary  information  for  choosing  dyes  for  many  purposes.  In 
many  aspects  of  color-technology  only  the  integral  or  subjective 
color  is  finally  of  interest,  but  the  author  cannot  refrain  from 
emphasizing  that  even  in  sucb  cases  an  intimate  knowledge  of 
colored  media  and  their  mixtures  cannot  be  attained  without 
spectral  analyses,  and  that  the  combination  of  dyes  becomes  sys- 
tematic with  such  data  available. 

\\'ith  spectrophotometric  apparatus  well  maintained,  a  com- 
plete s])ectral  analysis  can  1)e  made  in  about  an  hour,  although 
there  is  much  room  for  improvement  in  such  apparatus  which  will 
result  in  the  saving  of  time.  However,  this  is  not  a  serious  mat- 
ter, because  for  a  given  coloring  material  only  one  analysis  need 
be  made,  as  w^ill  be  shown  later,  to  provide  information  for  all 
degrees  of  concentration  or  depth  of  solution.  The  author  has 
available  hundreds  of  -spectral  analyses  which,  after  once  ob- 
tained, are  a  perpetual  source  of  information. 

Laws. — In  order  to  simplify  the  study  of  coloring  media,  espe- 
cially dyes  and  colored  glasses,  several  simplifications  have  been 
made.  These  are  based  on  theory  and  have  been  confirmed  by 
experiment  on  a  few  typical  specimens.  In  order  to  develop  this 
procedure  it  is  necessary  to  revert  to  some  of  the  established  laws. 
Lambert  first  stated  that  all  layers  of  equal  thickness  of  a  trans- 
parent medium  absorb  equal  fractions  of  the  radiant  energy  which 
enters  them.  This  is  true  for  homogeneous  or  monochromatic 
radiation,  but  cannot  be  applied  to  the  total  absorption  of  radiant 
energy  of  many  wave-lengths  or  of  extended  spectral  character. 
It  follows  from  Lambert's  law^  that  if  the  thickness  of  the  ab- 

^W.  R.  Mott,  Trans.  Auicr.  Electrochem.  Soc.  1915. 
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sorbinj;"  nicdiuni  increases  in  aritliimiical  proj^rcssioii  tlif  radia- 
tion Iransmiltod  shonld  decrease  in  geometrical  pro«;rcssinn. 

Let  J  be  the  intensity  of  radiation  ^^\  a  j^iven  \\a\e  len^^lh 
entering-  a  I'ner  dl,  tlien — 

dl        ^- 
On  integrating  this  we  obtain : 

where  Jo  is  the  original  intensity,  /  the  intensity  after  traversing 
a  thickness  d,  and  k  is  a  constant  depending  upon  the  substance 
and  upon  the  wave-length  of  the  radiant  energy.  Various  terms 
have  been  applied  to  this  factor,  such  as  absorption-coefficient. 
In  logarithmic  form  this  equation  is  expressed  as : 

Log  -y  =  log  Ty^  =  -kyd  log  C  =  -€^d 
Jo 

where  7\  is  the  transmission  factor  for  energy  of  wave-length  A, 
and  the  subscripts,  A.  indicate  the  factors  which  varv  with  the 
wave-length.  Beer  deduced  the  law  that  the  absorption  is  the 
same  function  of  the  concentration  of  a  dispersing  absorl>ing  sul> 
stance  as  of  the  thickness  of  a  single  substance,  which  may  be  ex- 
pressed thus : 

J  =  JoA'^  or  Tx  =  A'i  or  log  Tx  =  cd  log  A^ 

where  c  is  the  concentration.  A  is  the  transmission-coefficient  or 
transmissivity,  and  the  other  symbols  represent  the  same  factors 
as  in  the  foregoing  equations.  The  validity  of  Beer's  law  has 
been  questioned  by  some,  and  it  appears  that  there  is  some  doubt 
as  to  its  validity  in  such  cases  as  colloidal  solutions.  This  law 
appears  to  hold  when  the  absorbing  power  of  a  molecule  is  unin- 
fluenced by  the  proximity  of  other  molecules.  Obviously,  if  any 
change  takes  place  in  the  condition  of  the  dispersed  substance  on 
altering  the  concentration  the  law  will  not  hold.  Incidentally 
there  is  work  to  be  done  on  the  validity  of  this  law  in  the  cases  of 
"  colloidal  "  glasses.  Lambert's  law  appears  to  be  firmly  es- 
tablished. 

In  so  far  as  the  foregoing  laws  are  valid  (and  it  appears  that 
this  is  true  for  all  practical  purposes  such  as  described  in  this 
paper),  for  a  given  solution  log  T^  is  proportional  to  d,  and  for  a 
given  depth,  or  containing  cell,  log  T^  is  proportional  to  c.  By 
the  use  of  coordinate  paper  having  a  logarithmic  scale  along  one 
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axis  and  a  uniform  scale  alon<(  the  other  a  great  deal  of  interest- 
ing data  can  be  obtained  from  one  spectral  analysis. 

\\y  means  of  the  foregoing  mathematical  relations  the  spec- 
tral analyses  of  colored  solutions  (and  colored  glasses)  of  any 
thickness  and  concentration  can  l)e  obtained  from  two  determina- 
tions of  spectral  character,  which  often  may  be  reduced  in  actual 
practice  to  a  single  determination.  Such  a  method  has  been  found 
exceedingly  practicable  in  preliminary  reconnoitering  in  search  of 
combinations  of  dyes  for  filters,  in  the  development  of  colored 

Fig.  10. 
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Relation  between  spectral  transmission-factor  and  depth  or  concentration  of  a  solution  of 

methylengriin. 

glasses,  and   in  the  study  of  many  problems  arising  in  color- 
technology. 

Some  examples  will  suffice  to  illustrate  the  uses  of  this  scheme 
in  practice.  Assume  a  solution  of  methylengriin  of  either  known 
or  unknown  concentration.  A  cell  of  a  known  thickness  is  filled 
with  the  solution  and  a  spectral  analysis  is  made.  For  such  a 
purpose  a  fairly  low  concentration  or  small  depth  is  chosen,  so 
that  radiations  of  all  wave-lengths  which  are  of  interest  are  ap- 
preciably transmitted.  On  logarithmic  paper,  as  previously  de- 
scribed, a  plot  is  made,  as  shown  in  Fig.  10,  the  transmission 
factors  ^  from  the  spectral  analysis  being  plotted  on  the  logarith- 
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mic  scale  vertically  above  the  arl)itrarily  selected  point  on  the 
abscissa  axis  in  this  case  taken  as  unity.  The  abscissae  scale  may 
represent  either  concentration  or  depth  and  may  be  either  a  rela- 
tive or  an  absolute  scale.  Straight  lines  are  drawn  through  the 
points  to  a  common  point  on  the  ordinate  axis  representing  com- 
plete transparency  or  unity  on  this  logarithmic  scale.  This  is 
the  common  point  if  corrections  have  been  made  for  surface  re- 
flections in  the  cell  or  from  the  glass  surfaces  in  the  case  of  a 
colored  glass.  If  these  corrections  have  not  been  made,  the  com- 
mon point  usually  will  be  near  0.92  on  the  "  transmission  axis  " 
if  two  surface  reliections  must  be  accounted  for.  Each  straight 
line  represents  the  relation  of  log  7\  and  depth  or  concentration 
for  a  certain  wave-length.  By  extending  these  lines  the  spec- 
tral characteristic  of  any  depth  or  concentration  may  be  read  from 
the  corresponding  vertical  line.  If  the  original  sj^ectral  analysis 
has  been  made  with  care,  such  a  simple  plot  yields  a  vast  amount 
of  data. 

Dichromatis))!. — ^Methylengriin  has  been  chosen  in  Fig.  10 
because  it  also  illustrates  the  interesting  case  of  dichromatism  so 
commonly  exhibited  by  dyes.  It  is  seen  that  the  slope  of  the  line 
for  o./2fJi  is  less  than  any  of  the  others.  This  is  proof  that  the 
dye  is  a  dichroic.  Some  lines  are  very  steep,  which  indicates  a 
large  value  of  the  absorption-coefficient  for  radiation  of  these 
wave-lengths.  From  the  plot  it  is  seen  that  this  dye,  in  solutions 
of  high  concentration  or  of  great  depth,  will  not  be  green,  but 
will  be  red. 

Another  interesting  plot,  of  a  similar  nature,  but  including 
relative  luminosity-values  instead  of  transmission  factors,  is 
shown  in  Fig.  11  for  rosazeine.  The  spectral  transmission  fac- 
tors for  the  spectral  analysis  used  were  multiplied  by  the  visibility 
of  radiation  in  each  case  (using  Xutting's  data)  and  plotted  ver- 
tically above  the  point  designated  by  unity  on  the  concentration 
or  depth  scale.  Instead  of  drawing  straight  lines  representing 
various  wave-lengths  to  a  common  point  on  the  ordinate  axis, 
each  line  is  drawn  to  a  point  of  this  axis  corresponding  to  the 
relative  visibility  of  radiation  of  the  particular  w^ave-length.    The 

*  Note. — Transmission  factor  is  defined  by  the  Illuminating  Engineering 
Society  as  the  ratio  of  the  transmitted  to  the  incident  flux.  In  the  present  use 
the  surface  reflections  are  eliminated  in  order  to  make  the  data  more  useful, 
so  that  the  same  definition  applies  here  for  the  given  thickness  if  the  body  is 
assumed  to  be  immersed  in  medium  of  the  same  refractive  index. 


23« 


M.    i.ircKiESii. 


rj.  F.  I. 


ordinate  axis  is  now  a  logarithmic  scale  of  relative  luminosity. 
liv  extendinj^  these  strais^ht  lines  a  ^ra]>hical  picture  of  spectral 
hnninosity  of  the  dye-solution  is  obtained  for  any  concentration 
of  depth.  It  is  seen  that  this  solution  in  j^^reat  depth  or  hi^h  con- 
ccnlralion  Uecoiiu's  deep  red,  l)ecause  the  slopes  of  the  lines  he- 
come  less  with  increasin<i^  wave-lenf^lh  after  the  absorption  band 
of  a  weak  solution  or  small  depth  is  passed.  Incidentally  it  will 
be  noted  that  the  slope  of  line  o.44At  is  less  than  that  of  0.58/x, 
which  shows  that   in  low  concentrations  or  in  relatively  small 
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Relation  between  spectral  luminosity  and  depth  or  concentration  of  a  solution  of  rosazeine. 

depths  of  a  higher  concentration  the  solution  is  purple ;  that  is, 
it  has  an  absorption  band  somewhere  between  0.44/j-  and  0.60/^.. 
Only  a  few  wave-lengths  have  been  used  for  the  sake  of  clearness. 
Complete  Representation  of  the  Graphical  Method. — In  re- 
ality the  schemes  illustrated  in  Fig.  to  and  11  are  only  com- 
pletely illustrated  by  means  of  a  solid,  of  which,  for  example. 
Fig.  10  represents  a  projection  upon  the  face  of  the  solid  bounded 
by  the  logarithmic  ''  transmission  "  scale  and  the  concentration 
or  depth  scale.  A  model  of  this  tri-dimensional  diagram  can  be 
easily  made  and  should  be  instructive.     An  attempt  is  made  in 
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Fig.  12  to  illustrate  the  relations  lx.*t\veen  transnii>>i<Hi  lacior, 
wave-length,  and  concentration  or  thicknos.  Fur  this  purjiose 
the  sjK'ctral  analysis  of  a  thin  piece  of  gold  red  glass  was  chosen. 
Many  of  the  cross-section  lines  have  been  omitted  fur  the  sake  of 
clearness.  The  scales  are  designated  and  the  thickness  of  the 
specimen  of  gold  ruby  glass  is  assumed  to  be  J  units  on  the  rela- 
tive thickness  scale.  In  plane  2,  represented  by  the  dash-dot  ver- 
tical rectangle,  the  spectral  transmission  is  shown  in  the  dash-dot 
curve,  a.jbuC.y-  I'or  the  limiting  case  of  zero  thickness  this  curve 
becomes  a  straight  line.  T  ^  i,  which  is  the  top  edge  of  the  fore- 
most rectangle,  plane  o.  Several  points  of  the  *'  master  "  curve 
in  plane  2  were  taken  for  the  purpose  of  illustrating  the  determi- 
nation of  the  spectral  characteristic  of  the  glass  at  another  thick- 
ness. In  this  example  thickness  5  units  is  taken  and  its  spectral 
transmission  is  shown  by  the  dotted  curve  in  plane  5,  the  farthest 
vertical  rectangle.  This  curve  is  obtained  by  drawing  straight 
lines  in  the  **  wave-length  "  planes  from  the  wave-lengths  on 
the  upper  front  scale  through  the  points  on  the  "  master  "  curve 
in  plane  2  of  corresponding  wave-lengths.  Thus  where  a  given 
straight  line  intersects  the  various  thickness  planes  the  trans- 
mission factors  for  that  wave-length  are  found.  For  exami>le, 
bo  is  a  point  on  the  "  master  "  curve  in  plane  2.  and  its  value  as 
read  from  the  transmission  scale  is  the  transmission  factor  of 
this  specimen  of  thickness,  2  units,  for  radiation  of  wave-length 
0.52/u.  A  straight  line  drawn  through  this  wave-length  on  7  =  i 
and  through  bo  (always  remaining  in  the  particular  wave-length 
plane)  when  prolonged  intersects  plane  5  at  65.  which  is  the 
transmission  factor  for  0.52/1^  for  a  specimen  of  the  same  glass  of 
5  units  thickness.  Other  points,  a^,  c^,  etc.,  are  found  in  the 
same  manner. 

These  straight  lines  are  the  same  as  those  shown  in  Fig.  19: 
in  fact.  Fig.  19  would  be  seen  on  viewing  the  solid.  Fig.  12,  from 
the  right-hand  side.  A  model  of  this  solid  made  of  wires  and 
painted  to  represent  the  spectral  colors  should  be  instructive. 

In  Fig.  1 1  luminosity  values  were  treated  in  a  manner  similar 
to  the  transmission  values  in  Fig.  10.  These  also  can  be  com- 
pletely represented  by  a  solid  in  a  manner  similar  to  that  shown 
in  Fig.  12.  excepting  that  the  vertical  scale  must  represent  log- 
arithms of  luminosity.  In  the  limiting  case  of  zero  thickness  the 
curve  will  not  be  the  foremost  upper  horizontal  line,  but  will  be 
Vol.  184,  Xo    iioo — 18 
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ihc  spectral  liimiiiosilN-  cnr\c  ol  radialion  and  w  ill  lie  in  the  fore- 
most vertical  i)lane  (  )n  viewin,^:  such  a  solid  in  pr(^jection  from 
llie  jJToper  side,  i^lj^'.  JO  will  l)e  seen  if  the  same  gold  ruby  speci- 
men he  taken  as  an  example.  It  a])pears  nnnecessary  to  illustrate 
this  possibility,  since  the  general  procedure  should  be  understood 
from  the  foregoing.      In  case  the  analysis  is  to  l)e  made   for  a 
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Complete  relation  between  thickness,  wave-length,  and  transmission- factor  for  a  gold  ruby  glass. 

particular  illuminant  the  limiting  curve  in  the  foremost  vertical 
plane  will  be  the  luminosity  curve  of  the  illuminant. 

One  of  the  points  which  is  emphasized  in  deahng  with  colored 
media  in  the  foregoing  manner  is  that  the  spectral  transmission 
and  reflection  factors  are  never  zero,  but  are  merely  relatively 
low  for  some  wave-lengths  as  compared  with  others.  This  is 
often  forgotten  when  spectral  analyses  are  made  with  instru- 
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nients,  because  when  the  kiiiiinosity  falls  helow  tiie  threshold  the 
transmission  factor  is  considered  to  he  zero;  however,  the 
threshold  depends  u[Km  the  intensity  of  illumination  or  upon  the 
l)ri<;htness  of  the  lii^ht-source. 

SPECTRAL    ANALYSES   OF   GLASSES. 

In  tlie  development  of  colored  glasses  for  the  variety  of 
practical  applications  the  spectral  analyses  are  extremely  valuable 
and  often  essential.  \W  means  of  such  data  these  cohjrin^  ele- 
ments can  be  mixed  computationally  to  o])tain  the  desired  spec- 
tral characteristic.  From  very  meagre  data  on  the  chemical  com- 
position from  one  melt  fairly  detinite  strides  toward  realization 
may  be  made  in  succeeding  melts.  Of  course,  there  are  chemical 
considerations  which  sometimes  alter  the  predictions  based  on 
computation;  however,  such  a  procedure  forms  a  most  definite 
working  basis.  In  the  combination  of  glasses  for  special  filters, 
lighting  effects,  etc.,  the  computational  method  often  saves  time 
and  provides  definite  data.  Sometimes  only  the  subjective  color 
is  desired,  but  even  in  these  cases  spectral  analyses  of  elemental 
colorings  provide  the  basis  for  manipulating  the  available  vitri- 
fiable  colored  media  in  a  manner  analogous  to  the  combination  of 
pigments. 

In  the  manufacture  of  colored  glass  there  is  a  limited  number 
of  coloring  materials  available,  and  when  the  glass  must  be  limited 
to  one  general  composition,  such  as  soda  lime,  for  example,  the 
colors  which  are  possible  of  attainment  are  further  limited.  How- 
ever, by  combining  various  coloring  materials  the  variety  of 
colored  glasses  can  be  enormously  extended  to  meet  the  require- 
ments of  science  and  art. 

In  this  paper  the  spectral  analyses  of  a  few  fundamental 
colored  glasses  will  be  presented,  and  also  the  results  of  a  few 
simple  combinations.  The  record  number  of  the  specimen  is 
placed  before  the  symbol  of  the  coloring  metal,  such  as  37  Se.  If 
different  relative  thicknesses  of  the  specimen  are  presented,  a 
number  is  placed  before  the  designation  proper,  as  10  (37  Se) 
indicates  10  units  of  thickness  (or  of  concentration),  CS  indi- 
cates lime  soda  glass,  PS  lead  soda,  BS  barium  soda,  P  lead,  etc. 

Red. — Selenium,  copper,  and  gold  are  commonly  used  for 
producing  red  glasses.  In  Fig.  13  are  shown  the  spectral  analyses 
of  a  number  of  selenium  glasses.  It  is  seen  that  some  of  these 
are  yellow  in  appearance  and  vary  from  this  to  a  deep  red.     The 
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composition  ol  iIk'  mix  is  soinclinics  of  ajiisidcrable  iiitluciice 
upon  the  liiial  color.  Specimen  14  Se,  shown  in  relative  thick- 
ness, 10,  20.  and  ^:;4,  was  of  unknown  composition,  but  tlie  color- 
ini;  element  was  selenium.  This  is  a  remarkahle  specimen. 
Cohall  blue  glass  (Fig.  ly)  transmits  a  deep  red  band,  so  a 
combination  of  dense  cobalt  blue  and  selenium  glasses  isolates  a 
deep-red  band,  as  seen  in  (>  Co  I   14  Se,  iMg.  13. 

r.y  computations  similar  to  those  presented  in  the  case  of 
pigments  (sul)stituting  transmission  factors,  7\,  for  reHection 
factors  /v\)  the  efficiency  of  such  a  combination  in  transmitting 
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Spectral  transmission-factors  of  selenium  glasses. 
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only  a  deep-red  band  can  be  compared  with  that  of  a  very  den:e 
selenium,  gold,  or  copper  glass.  Unfortunately,  at  the  ends  of 
the  visible  spectrum  the  visibility  data  are  difficult  of  determina- 
tion and  have  been  the  least  investigated ;  however,  Hyde,  Cady, 
and  Forsythe  ^  have  determined  the  visibility  at  the  extreme  red 
end  of  the  visible  spectrum  with  great  care. 

In  Fig.  14  is  shown  the  spectral  characteristic  of  a  copper-red 
glass,  4  Cu,  and  in  Fig.  15  the  spectral  analyses  of  gold  glasses 
are  presented.  Gold  produces  a  beautiful  pink  in  low  concen- 
trations (or  in  thin  layers)  and  deep  red  in  the  higher  ones  (or 

^  Astro  physical  J'otirnal,   42,  p.    285,    1915. 
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Fig.   14. 


spectral  transmission-factors  of  copper,  sulphur,  chromium,  and  uranium  glasses. 


Fig.   15. 


Spectral  transmission-factors  of  gold  glasses  and  combinations  of  cobalt. 
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in  tliickcr  layers).  The  absorption  l)aiul  is  seen  to  be  near  0.53^ 
for  the  more  transparent  <^lasses,  and  it  is  interestin<:^  to  note 
j^dass  35  Au,  a  lead  ^^old,  which  shows  a  shift  in  the  absorption 
band  to  0.50/'.  This  ^lass  was  reheated  several  times  in  bring- 
ing out  the  color,  which  is  decidedly  more  rnddy,  and  it  appears 
that  there  is  a  different  state  of  division  of  the  metallic  par- 
ticles, perhaps,  as  to  size.  As  the  concentration  or  thickness  in- 
creases (^lass  5  All,  which  is  shown  for  three  thicknesses)  the 
blue  band  gradually  disappears;  how^ever,  the  transmission  does 
not  closely  approach  monochromatism.  In  Fig.  15  are  also  shown 

Fig.  16. 
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Spectral  transmission-factors  of  carbon  glasses  and  combinations  with  cobalt  glasses. 

the  results  of  combining  cobalt  and  gold  glasses  of  different 
thicknesses  (or  concentrations),  w^ith  the  resulting  transmission 
confined  to  the  deep-red  region. 

Yellow. — Carbon,  sulphur,  uranium,  and  silver  are  among 
those  elements  which,  when  introduced  into  glass  under  proper 
chemical  conditions,  produce  yellow  glasses  of  varying  color.  No 
single  element  isolates  spectral  yellow.  In  Fig.  16  are  shown  the 
spectral  analyses  of  carbon  yellow^  glasses,  15  C  and  44  C,  and  of 
combinations  of  carbon  yellow^  and  light  cobalt  blue  glasses.  It 
is  know-n  that  X-rays,  ultraviolet  and  visible  rays  wnll  cause  some 
clear  glasses  to  become  colored.     In  Fig.   16  is  also  shown  the 
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spectral  characteristic  of  a  [i^lass  X.  which,  though  originally 
clear,  was  colored  a  nuuldy  yellow  ihrouj^hout  the  mass  by  X-rays. 
It  is  interesting  to  observe  the  action  of  X-rays  in  discoloring 
glass,  for  it  is  easy  at  times  to  observe  the  progress  of  the  color- 
ing through  the  thickness  of  the  glass.  Patterns  can  be  made  by 
this  process.  In  Fig.  14  are  shown  the  spectral  characteristics 
of  uranium  (11  U)  and  sulphur  (43  S  and  45  S)  glasses.  The 
spectral  transmissions  of  several  uranium  samples  appear  to  Ixi 
kinkv  in  the  l)lue-green  region,  although  the  exact  nature  of  the 
curves  are  not  established. 

Green. — Iron  imparts  a  green  color  to  glass,  varying  from  a 
bluish  to  a  yellowdsh-green,  depending  upon  the  ingredients  of  the 
glass.  The  imix)rtance  of  manganese  in  glass  is  as  a  decoloriz- 
ing agent,  its  color  in  proper  concentrations  being  roughly  com- 
plementary to  that  of  iron  commonly  present  in  sand.  Chromium 
imparts  a  vellow^ish-green  color  to  glass,  as  seen  in  glass  53  Cr, 
Fig.  14.  This  glass  has  a  maximum  transmission  at  about  0.56/x, 
and  by  the  addition  of  copper  blue-green  (glasses  2  Cu  and  8  Cu, 
Fig.  14)  this  maximum  can  be  shifted  toward  the  shorter  wave- 
lengths, depending  upon  the  proportions  of  the  coloring  elements. 
Glass  21  Cu,  called  signal  blue-green,  is  evidently  a  copper  glass. 
Glass  36  Cr  is  a  dense  chromium  green.  In  order  to  compare  the 
actual  colors  under  a  given  illuminant  it  is  well  to  reduce  these 
curves  to  luminosity  values.  If  monochromatism  is  desired,  it  is 
often  advisable  to  combine  two  glasses  which  transmit  a  narrow 
region  in  common. 

Blue. — Cobalt  is  the  most  common  element  used  to  impart  a 
blue  color  to  glass.  Its  greatest  disadvantage  (although  some- 
times an  advantage)  is  its  transmission  of  a  deep-red  band,  as 
show'n  in  6  Co  and  7  Co,  Fig.  17.  This  red  transmission  can  be 
utilized  in  isolating  the  deep  red,  as  show'u  by  combining  cobalt 
and  selenium  or  other  red  glasses,  for  example  i  Co+  14  Se.  An 
excellent  blue  glass  can  be  made  by  combining  cobalt  with  copper 
blue-green,  for  the  latter  effectively  absorbs  the  deep  red.  The 
spectral  characteristic  of  such  a  combination  is  shown  in  9  Cu  + 
6  Co,  Fig.  17. 

Purple. — Nickel  produces  a  purple  color  in  glass,  and  also 
manganese,  but  the  latter  is  not  an  efficient  purple,  because  its 
absorption  band  is  not  sharp.  Its  chief  use  is  to  neutralize  the 
green  tint  due  to  the  presence  of  iron  in  the  ingredients  of  glass 
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mixes.  The  spectral  characteristic  of  a  j;lass  containing  iron  is 
shown  in  41  Fe,  1m^.  18.  It  is  seen  that  a  nianj^^anese  j^hiss  of 
pro])er  density  is  approximately  complementarv  in  color  to  the 
irt)n  ^lass.  Allhou^h  the  mani^anese  neutralizes  the  in^n  in  color, 
the  transmission  factor  of  the  resultant  j^lass  mav  Ixi  seriously 
reduced.  Mani^anese,  thou^^h  a  useful  element  in  glass  manufac- 
ture, cannot  be  considered  important  as  a  coloring  element  from 
the  viewpoint  of  colored  glass  in  general.  In  A'.  Mg.  i<S,  is 
shown  the  spectral  characteristic  of  an  originally  clear  glass  which 
has  been  colored  a  deep-purplish  hue  by  ex|K)sure  to  X-rays. 
Undoubtedly  this  coloring  is  due  to  an  effect  upon  the  manganese 
present  in  the  clear  glass.  This  effect  is  commonly  observed  in 
lamj)  globes  and  window  glass  exix>sed  to  strong  sunlight,  in 
the  former  cases  it  is  a  very  serious  defect  of  glass  manufacture, 
because  the  author  has  observed  such  globes  whose  transmission 
has  been  reduced  as  much  as  50  per  cent,  after  long  exposure  to 
intense  solar  radiation  or  to  that  emitted  by  an  arc  lamp.  It 
would  be  far  better  in  such  cases  as  streetTighting  glassware  to 
eliminate  the  manganese  and  to  endure  the  unneutral ized  green- 
ish hue  of  the  iron  which  is  unavoidablv  present. 

USES    OF    SPECTRAL    ANALYSES    OF    GLASSES. 

The  applications  for  spectral  analyses  of  colored  glasses  have 
been  fairly  well  covered  in  the  discussions  of  pigmeucs  and  dves, 
for  the  same  general  procedures  can  be  applied  to  colored  glasses. 
The  concentration  is  not  so  definite  as  in  the  case  of  dyes,  be- 
cause, owing  to  the  high  temperature  at  which  glass  melts  and  to 
chemical  action,  the  concentration  of  coloring  material  in  the  final 
glass  cannot  always  be  predicted  from  the  amount  of  the  color- 
ing metal  added  to  the  mix.  Some  of  the  metals,  such  as  cobalt 
and  copper,  under  standardized  conditions  of  melting,  appear  to 
produce  concentrations  of  coloring  material  proportional  to  the 
amounts  of  the  oxides  added  to  the  mix,  but  in  some  cases  there 
is  doubt  as  to  this  proportionality.  There  is  need  for  systematic 
study  in  this  direction.  In  the  case  of  the  red  glasses,  for  ex- 
ample gold  ruby,  which  in  ordinary  manufacture  assumes  its  red 
color  on  reheating,  the  manipulation  has  considerable  effect  upon 
the  density  of  the  color.  After  a  colored  glass  has  been  obtained 
it  is  possible  to  procure  from  a  single  spectral  analysis  the  in- 
tegral transmission  factor  for  any  illuminant,  the  spectral  char- 
acteristics of  other  thicknesses,  and  those  of  combinations  of  these 
thicknesses  with  other  colored  glasses  as  already  outlined. 
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l'\)r  the  sake  of  further  cxcniphfication,  in  F\^.  19  are  shown 
tlic  strai^ht-h'nc  relations  between  thickness  and  transmission  fac- 
tor (for  enterin;^  radiation)  for  several  wave-lengths  for  vari- 
ous thicknesses  of  a  j^old  ruby  fi^lass.  The  relations  between 
luminosity  and  thickness  for  this  li^lass  are  shown  in  Fig.  20  for 
xarious  wave-len<^ths.  ¥\g.  19  is  a  diagram  of  what  would  be 
seen  if  the  solid  represented  in  Fig.  12  were  viewed  from  the 
right-hand  side. 

At  this  point  it  is  of  interest  to  show  the  approximation  of 
ex])erimental  results  to  the  relations  between  spectral  character 
and  thickness  as  predicted  by  theory.     This  is  shown  in  Fig.  21 


Fig.  19. 
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Relations  between  spectral  transmission-factor  and  thickness  of  a  gold  glass  (23  Au). 

for  one  of  the  glasses  made  during  the  development  of  an  "  arti- 
ficial-daylight "  glass  some  years  ago.  The  method  of  graphical 
analysis  was  tested  because  of  the  desire  for  a  simple  method,  and 
the  specimen  was  ground  and  polished  in  five  thicknesses.  The 
circles  show  the  verification  of  the  theory.  In  this  case  correc- 
tion had  not  been  made  for  surface  reflection,  so  the  straight  lines 
must  be  draw^n  to  a  point  near  0.92  on  the  transmission  axis. 
Incidentally  it  is  of  interest  to  note  that,  previous  to  the  adop- 
tion of  this  method,  samples  of  melts  were  ground  in  the  form  of 
thin  wedges  and  spectral  analyses  were  made  at  various  thick- 
nesses.    It  is  seen  that  the  graphical  method  enormously  reduces 
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llic  amount  of  work  in  order  to  ()l)tain  llic  data  necessary   lor 
such  studies. 

In  developin<^  a  colored  ^lass  for  a  s|>ecific  purpose  various 
factors  arc  considered,  sucli  as  the  ilhiminant  to  l)e  used  and  the 
result  to  be  obtained.  From  these  an  ideal  spectral  transmission 
curve  is  determined,  and  by  means  of  a  few  spectral  analyses  of 
different  colored  glasses,  bearing  in  mind  the  chemical  consider- 
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Relations  between  spectral  luminosity  and  thickness  of  a  gold  glass  (23  Au). 

ations  if  a  mixture  is  finally  necessary,  various  combinations  can 
be  made  with  the  aid  of  the  graphical  method. 

Often  the  ultraviolet  and  infra-red  spectral  transmissions  are 
of  interest,  and  these  are  made  in  the  manner  already  described. 
The  data  on  a  coloring  element  are  not  considered  to  be  suffi- 
ciently complete  for  record  if  the  ultraviolet  transmission  is  not 
studied  at  least  qualitatively,   and  in  some  cases  the   infra-red 
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traiisinissioii  is  investij^alcd.  Il  appears  unnecessary  to  discuss 
these  I'nither,  for  the  aim  ol'  tins  paper  has  l)een  reahzed.  V^ari- 
(>ns  data  liave  heen  i)rcscntc(l  with  the  hope  tliat  they  will  be 
hcli)t"ul  to  others,  and  various  uses  of  physical  data  have  ])een 
discussed  with  a  view  to  ])resenting  only  aspects  that  are  uncom- 
monly appreciated  and  which  have  heen  developed  in  practical 
work  in  color-techn()lo<;}-. 

SUMMARY. 

There  have  heen  presented  in  the  foregoing: 
A  discussion  of  methods  of  analyzing  color. 
A  discussion  of  general  characteristics  of  pigments,  dyes,  and 


colored  glasses. 
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Test  of  the  relation  between  spectral  transmission-factor  and  thickness  of  a  blue-green  glass. 

Laws  of  absorption  and  their  uses. 

Spectral  analyses  of  the  visible  radiation  reflected  by  pig- 
ments and  transmitted  by  dye-solutions  and  colored  glasses. 

A  discussion  of  the  uses  of  such  data. 

A  general  emphasis  of  the  importance  of  a  physical  basis  in 
color-technology. 

I  wish  to  acknowledge  the  assistance  of  ^Nlr.  H.  H.  Kirby  in 
obtaining  the  data  and  preparing  the  illustrations. 

Cleveland,  Ohio, 
April  28,  1917. 
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INTRODUCTION. 

Ix  this  outline  of  publications  discussing  the  submarine,  an 
attempt  is  made  to  present  the  general  status  of  current  knowledge 
on  the  subject  rather  than  give  detail.  At  the  same  time  such 
exact  data  are  included  as  might  be  required  by  the  person  who, 
approaching  the  problem  as  a  stranger,  may  wish  to  get  an  idea  of 
the  magnitudes  involved.  More  exhaustive  inquir}-  will  always 
demand  consultation  of  the  original  publications,  to  which  this 
paper  may,  in  that  case,  serve  as  an  index. 

No  material  is  given  here  that  is  not  Cjuoted  directly  from  the 
references  under  consideration.  Where  ambi":uitv  has  existed, 
the  form  of  expression  also  has  been  followed  rather  than  risk 
further  error  by  imposing  the  interpretation  of  the  compiler. 

^lany  short  notes  and  general  papers  have  been  omitted  from 
notice  when  it  has  seemed  that  they  would  not  add  value  to  the 
collection. 

Also,  none  of  the  many  articles  appearing  in  the  Scientific 
American  have  been  quoted.  This  last  is  for  the  reason  that  such 
articles  generally  contain  exactly  the  same  data  that  are  found  in 
the  technical  papers,  and  in  an  already  abstracted  form.     \Miere 
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ollirr  lil)rar\'  facilities  arc  lacking',  a  vcr\'  <4rcat  deal  oi  informa- 
tion may  be  ^^'line(l  by  the  consullin<;-  of  the  files  of  this  journal. 

I.  GENERAL. 

J/islory  of  ncrclopmcnt. 
M Hilary  Coiisidcrafions. 
Diincfisiofis. 
Specific  Boats. 

Ik'dclP  (1917)  gives  a  general  description  of  the  gross 
characteristics  of  the  submarine  and  a  brief  history  of  its  de- 
velopment. He  mentions  that  vision  from  the  periscope  through 
the  water,  in  the  clearest  water,  does  not  exceed  100  to  200 
feet.  In  the  turl)i(l  waters  along  our  shores  nothing  can  be  seen 
y^  feet  away. 

Kearney's^  (191 5)  article  is  very  general  in  nature  and  in- 
tended to  amuse  rather  than  instruct.  He  outlines  the  develop- 
ment and  purpose  of  the  submarine. 

Hinkamp^  (1915)  gives  the  principal  dates  in  the  develop- 
ment of  the  submarine,  and  then  goes  on  to  a  general  description 
of  the  methods  employed  in  operation.  No  specific  data  are 
included. 

In  reference^  (2)  (1915)  Hinkamp  mentions  the  improve- 
ments made  since  the  early  days  of  the  submarine  in  each  of  its 
most  prominent  features. 

Woodhouse  ^  (1917)  states  that  vision  downward  from  an 
aeroplane  is  not  affected  by  the  refraction  that  limits  that  from  a 
ship.  At  an  elevation  of  1000  to  1500  feet  the  wake  of  the  peri- 
scope is  plainly  visible  against  the  dark  water,  even  when  there  are 
white-caps.  In  clear  weather  the  submarine  can  be  seen  at  depths 
from  20  to  100  feet,  depending  upon  the  clearness  of  the  water. 
The  foamy  wake  at  the  stern  is  also  clearly  visible.  Painting 
will  not  obscure  this  last.  Hundreds  of  kite  balloons  sent  up 
from  ships  are  being  used  as  outlooks  for  submarines. 

Lake  ^  (1915-1916)  introduces  a  paper  upon  the  future  pos- 
sibilities of  the  submarine  by  an  historical  account  of  its  de- 
velopment. This  goes  back  to  Bushnell's  American  turtle,  and 
gives  considerable  detail  on  the  construction  and  operation  of 


Au.c:..  1917.1   Srit.MAKiXKs  ix    Pi-.kiodk  .\i.  Kitkraturk.  253 

siibscciiRMit  types.  The  L'niled  States  (lovcrnnicnt  first  rccoj^-nizcd 
the  possibilities  of  the  subiiiarine  in  iS(;^^  by  approprialinj;  $J(X),- 
000  for  biiiklini^  such  a  ])oat.  llollaiurs  I'lioujcr  was  tiie  result, 
which  failed  to  nicel  the  re(|uirements  of  a  j^marantee  such  as 
has  never  \el  l)een  met  l)y  any  submarine.  She  ne\er  made  a 
submerged  run.  A  great  deal  of  detail  concerning  the  construc- 
tion and  principles  affecting  operation  is  given.  The  problems 
solved  in  the  building  of  Lake's  Arijomuit  and  other  contem- 
porary boats  are  gone  into  in  detail. 

Lake '^  beheves  coast-defence  submarines  will  be  found  esi)e- 
cially  valual)le.  Si)eed  and  high  tonnage  will  not  be  necessary. 
A  boat  of  500  tons  displacement  and  a  speed  of  14  or  15  knots 
can  have  comfortable  hving  quarters  and  carry  eight  Whitehead 
tori>edoes.  Such  a  boat  can  be  built  for  one  and  one-half  million 
dollars.  These  boats  should  be  equipped  to  fire  in  any  desired 
direction  submerged.  The  Seal  (G-i)  is  the  only  one  thus  far 
ecjuipped  with  torpedoes  that  can  be  fired  to  either  broadside.  If 
such  submarines  w^ere  stationed  at  intervals  of  five  miles  outside 
New  York  Harbor,  no  ship  could  pass  without  being  seen  by  day 
or  heard  by  means  of  the  Fessenden  oscillators  or  microphones, 
with  w^hich  all  submarines  are  now  equipped.  As  these  micro- 
phones enable  code  communication  up  to  several  miles,  the  sub- 
marines could  be  in  constant  communication  with  each  other  and 
with  the  shore. 

Lake  believes  that  the  near  future  will  see  the  building  of  a 
high-speed  submarine  for  offensive  warfare,  equipped  with  rapid- 
fire  guns  of  sufficient  calibre  to  deal  with  merchantmen  and  with 
room  enough  in  the  superstructure  to  keep  a  crew^  in  good  condi- 
tion during  a  long  cruise.  This  should  be  capable  of  at  least  25 
knots.  As  the  engine  situation  stands  to-day  Lake  does  not  be- 
lieve such  a  boat  of  even  20  knots  can  be  developed  in  less  than 
three  or  four  years.  This  is  due  to  the  fact  that  no  internal-com- 
bustion engine  suitable  for  such  high  speeds  has  yet  been  pro- 
duced. There  is  no  difficulty  connected  with  the  functioning  of 
the  vessel  itself. 

Lake  suggests  the  building  of  250-ton  (submerged  displace- 
ment), lo-knot  submarines,  capable  of  transportation  on  railroad 
trucks,  for  coast  defence.  These  w^ould  be  somew-hat  smaller  than 
the  present  coast-defence  submarines,  and  could  be  transported 
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rai)i(ll\  to  any  llircalciR'd  point  ol  our  extended  seaboard.  This 
would  ^ive  llieni  a  ran<;e  much  j^reater  than  i)ossible  with  our 
|)resent  submarine  lleet,  of  which  the  best  have  a  rachus  of  action 
ot'aboul  loo  miles  at  fixe  knots,  ii  miles  at  ten  and  one-half  knots, 
or  J4  miles  at  eij^ht  knots,  lie  slates  that  these  "amphibious" 
submarines  could  be  built  at  a  cost  of  about  $300,000  each. 

Lake  considers  that  the  proposed  one  man  "baby"  sub- 
marines would,  on  account  of  their  low^  speed,  limited  range  of 
action,  and  unseaworthiness,  be  of  very  little  use  to-day. 

Lake"'  believes  that,  as  it  is  impossible  to  see  the  invisible, 
submarine  cannot  fight  submarine,  and  says  that,  infested  as  have 
been  the  North  Sea  and  L^nglish  Channel,  he  knows  of  no  one 
case  where  one  has  succeeded  in  sinking  another.  An  Austrian 
submarine  did  sink  an  Italian,  but  the  latter  was  surface  cruising. 

Lake  "*  dismisses  as  absolutely  impracticable  the  idea  that  a 
submerged  submarine  can  be  located  by  an  overhead  aeroplane, 
much  less  successfully  attacked,  even  if  so  located.  He  also  con- 
siders the  efficacy  of  nets  as  very  doubtful.  They  could  be  easily 
evaded  by  submarines  suitably  equipped.  He  mentions  at  length  a 
mine-laying  submarine  which  he  designed  and  built,  but  w^hich 
the  government  failed  to  adopt. 

Lake  ^  states  that  in  the  light-surface  or  decks-awash  condi- 
tion the  submarine  may  sight  a  ship  at  ten  miles.  The  periscope 
at  rest  is  invisible  from  a  ship  one-half  mile  away. 

The  internal-combustion  engines  used  in  surface  cruising  are 
very  noisy,  but  the  storage  battery  and  motor  are  practically 
noiseless. 

The  United  States  submarine  Seal,  or  G-i,  as  originally 
equipped,  is  the  only  vessel  ever  built  in  the  United  States  with 
torpedo  tubes  to  fire  broadside.  She  had  four  torpedo  tubes 
which  could  be  trained  and  fired  to  either  broadside,  both  sub- 
merged and  on  the  surface.  This  would  enable  her  to  lie  at  rest 
and  fire,  thus  eliminating  the  tell-tale  wake  of  a  moving  periscope. 
A  periscope  of  neutral  color  at  rest  is  almost  impossible  of  detec- 
tion even  at  300  to  400  yards. 

Lake  intimates  that  he  has  devised  certain  other  improve- 
ments and  tactics  as  well  as  methods  of  protecting  ships  that  it 
would  be  unwise  to  publish. 

Laubeuf  ^  (191 5)  explains  in  detail  the  differences  between 
the  submarine  of  the  earlier  type  and  the  submersible,  and  gives 
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cross-scclions  showing  llic  hull  coiistruclion  of  the  liollaiul,  Lake, 
l^lectric  lioat  Company's,  and  I'Vench  Mauj^as  system  suhmarines, 
and  of  the  Lauheuf,  Ciermania-Krupp,  and  Laurenii  submersibles. 
Dimensions,  displacements,  and  values  of  reserve  buoyancy  are 
given  for  each.  If  the  coefficient  of  reserve  buoyancy  be  de- 
fined as  the  ratio  of  the  reserve  buoyancy  (ecpial  to  the  emerged 
volume  oi  a  surface  boat)  to  the  total  volume  of  the  ship  com- 
pletely immersed,  this  coefficient  is  50  per  cent,  for  ordinary 
ships,  3  to  7  per  cent,  for  the  earliest  submarines,  u  U)  13 
per  cent,  for  the  pure  submarine  type,  and  2^  to  33  per  cent.,  or 
even  41  per  cent,  for  the  Lauljeuf  type  of  submersible.  This 
means  that,  on  the  open  sea,  the  lasl  navigates  the  surface  like 
an  ordinary  boat,  while  the  submarine,  pure  and  simi)le,  has  to 
withdraw  her  crew  and  navigate  under  the  same  conditions  as 
when  submerged. 

The  submersibles  are  slower  of  submergence,  but  the  time 
required  has  been  reduced  from  28  minutes  in  the  first  Laubeuf 
boat  to  five  minutes  in  recent  boats.  The  last  is  stated  to  meet 
all  military  requirements. 

In  1900  France  was  the  only  power  possessing  submersibles, 
and  since  1907  she  has  ceased  building  any  other  type.  Germany, 
Italy,  Greece,  Sweden,  Norway,  Portugal,  and  Brazil  have  fol- 
lowed her  example.  The  submarine  type,  pure  and  simple,  is 
undergoing  modification  and  approaching  the  sul^mersible.  The 
Electric  Boat  Company,  which  has  built,  directly  or  through  its 
licenses,  the  greatest  number  of  submarines,  has  gone  over  in  its 
new  type,  M,  to  a  boat  with  large  reserve  buoyancy  and  a  partial 
double  shell. 

Increase  in  displacement  does  not  bring  to  the  submarine  a 
proportionate  increase  in  offensive  power.  It  increases  the  si>eed 
but  at  the  same  time  causes  ( i )  greater  difficulties  of  evolution, 
submerged;  (2)  increase  of  draft  preventing  navigation  in  shal- 
low water  and  easy  passage  under  enemy  ships ;  ( 3 )  too  large  a 
turning  circle;  and  (4)  too  high  cost. 

Laubeuf  concludes  that  two  types  of  submarine  are  advisable 
in  the  future — the  moderate  tonnage  and  speed,  coast-guard  boat 
of  good  seagoing  qualities,  and  the  squadron  boat  of  1000  tons 
displacement,  or  more,  which  should  have  a  minimum  speed  of 
23  knots  on  the  surface  and  15  knots  submerged.  W^ith  a  speed 
less  than  this,  submarines  will  be  merely  an  impediment  to  a 
Vol.  184,  Xo.  hoc — 19 
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llccl.  1  lie  necessary .. step  to  the  atlaiiimeiU  of  this  speed  is  the 
reahzation  of  a  single  motor,  powerful,  reliable,,  and  hght,  for 
both  surface  and  subnier<(ed  propulsion. 

Reference'  (1915)  describes  the  Laubeuf  submarine  lx>at 
and  its  development.  LauJK'uf,  the  naval  architect  of  Messrs. 
Schneider  (Ji  Co.,  made  the  departure  of  fitting  to  submarines 
hydroplanes  to  facilitate  diving.  These  constitute  the  important 
difference  between  the  submersible  l)oat  and  the  submarine.  In 
submarines  of  the  ordinary  type,  buoyancy  is  comparatively  low, 
the  ratio  of  buoyancy  on  the  surface  to  the  tcjtal  displacement 
when  submerged  being  less  than  15  t)er  cent.  In  some  sub- 
mersibles  it  goes  up  to  22  per  cent.,  but  in  the  Laubeuf  type  it 
reaches  33  per  cent.  Consequently  the  last  have  a  greater  power 
of  emergence  and  a  higher  freeboard  on  the  surface  than  other 
types. 

Especial  attention  is  paid  to  the  comfort  of  the  crew. 

The  construction  and  equipment  of  the  Laubeuf  boat  are  de- 
scribed in  some  detail,  and  a  table  is  given  showing  the  dimen- 
sion characteristics  of  the  various  classes.  The  French  flotillas 
are  mostly  composed  of  these  boats. 

Engineering^  (1911)  outlines  the  development  and  per- 
formance of  the  Holland  boats  built  by  the  Electric  Boat  Com- 
pany. The  number  of  vessels  of  this  type  in  commission  in  the 
various  nations  and  the  builders  working  under  licenses  are  given. 
It  is  stated  that  to  date  not  a  single  disaster  has  overtaken  any  one 
of  these  boats  which  was  built  to  the  unaltered  designs  of  the 
Electric  Boat  Company. 

A  table  is  given  showing  the  development  in  size,  speed,  and 
fighting  power  during  the  ten  years  from  1895  to  191 1.  The 
characteristics  of  the  "  perfected  "  Holland  are  given  with  plans 
and  sections.  The  interior  arrangements,  provisions  for  safety, 
submergence  tests,  diving  mechanism,  etc.,  are  described  rather 
fully.  These  boats  take  an  angle  at  diving  that  never  exceeds 
four  or  five  degrees,  and  is  ordinarily  only  two  to  two  and  one- 
half  degrees.  The  increase  of  draft  due  to  diving,  in  excess 
of  that  of  even  keel  submergence,  is  only  three  to  four  inches. 

Stability  conditions  are  discussed  briefly. 

Admiral  Sims  ^  (191 7)  stated,  at  a  hearing  before  the  House 
Xaval  Committee,  that  a  submarine  cannot  operate  safely  in  the 
presence  of  surface  boats  of  the  enemy  in  less  than  60  to  70  feet 
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ot"  water.  All  suhmariiR's  draw  ahoul  llic  .same  aniouni  of  water 
ivoiu  the  keel  to  the  top  of  the  periscope;  that  is,  ahout  40  feet. 
The  speed  under  water  is  ei^dit  to  ten  knots,  and  the  radius  40  to 
60  miles.  After  exhaustion  of  the  batteries  the  submarine  must 
come  to  the  surface  and  stay  for  three  to  five  hours.  Hence  most 
of  her  travellin*;  must  \k  done  on  the  surface.  Suhmerj^ed  she 
must  keep  movin<;-  or  else  rest  on  the  bottom,  and  this  last  is  onlv 
possible  in  depths  less  than  200  feet.  When  movin^.^  submer<;ed 
she  leaves  a  w-ake.  The  result  of  these  characteristics  is  that  a 
naval  force  coniman(lin<;-  the  surface  can  counteract  almost  en- 
tirely the  effectiveness  of  the  submarine. 

The  method  of  netting  submarines  is  descril)ed. 

Rodgers  ^^  (1916)  takes  up  the  military  functions  and  recent 
performance  of  the  submarine  of  to-day.  He  points  out  that 
because  of  its  inherent  peculiarities  it  is  an  arm  best  used  bv 
stealth  and  in  dispersed  and  soHtary  action.  Defensive  measures 
against  it,  such  as  wire  nets  and  counter  attack  by  swift  patrol 
boats,  have  been  very  successful.  It  is  primarily  a  defensive  arm 
for  the  weak.  Its  notable  feats  during  the  present  war  were 
confined  to  the  early  days  before  methods  of  warding  off  its 
attacks  had  been  devised  and  it  has  accomplished  little  or  nothing 
when  acting  in  concert  with  main  fleets. 

No  submarine,  even  as  large  as  1200  or  1500  tons,  has  room 
for  the  powerful  machinery  necessary  to  enable  her  to  accom- 
pany and  co6i>erate  with  the  present  battleship  of  20  to  23  knots. 

Hence  the  practice  of  the  United  States  Xavy  in  adhering  to 
a  500-ton  boat  suitable  for  coast  defence  seems  logical. 

Rodgers  summarizes  the  military  peculiarities  of  the  sub- 
marine which  have  limited  its  effectiveness. 

The  great  percentage  of  displacement  necessarily  devoted  to 
the  heavy  hulls  and  very  heavy  machinery  installation  and  stor- 
age batteries  makes  armor  impracticable,  and  reduces  speed  far 
belo\v  that  practicable  for  surface  boats  of  equal  size.  Hence  its 
chief  defence  is  submersibility  and  consequent  invisibilit}'.  The 
submarine  can  see  nothing  when  completely  below  the  surface. 
She  can  navigate  freely  and  recharge  her  storage  batteries  only 
when  running  her  oil  engines  at  the  surface.  The  great  weight 
of  the  storage  batteries  upon  which  all  submerged  cruising  must 
be  done  limits  her  to  a  small  radius  of  action  when  in  that  condi- 
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tiuii,  ;it  most  I  J  inik'N  at  lo  or  i  j  knots,  or  loo  miles  or  less  at 
5  oi"  (>  knots. 

1  k-r  tlni.'r  annanRnt.  the  torpedo,  has  a  maximnm  initial 
\eloeit\  of  -jo  nnles  ])er  hour  o\er  moderate  distances,  compared 
with  ,^()()()  feet  jjcr  second  for  a  li^ht-power  ^un  pr(jjectile  and 
()()  feet  per  second  for  the  fastest  slii]).  1  hus  a  30-kn()t  torpedo, 
capahle  of  runnin<4-  lo.ooo  yards,  has  a  chance  of  hittin<^  a  boat 
approachini;-  at  20  knots  at  a  range  of  over  16,000  yards,  Imt  will 
slop  before  reaching  a  boat  withdrawing  at  the  same  rate,  if 
fired  at  a  range  above  3300  yards. 

Lake  "'  analyzes  the  limitations  of  the  present  submarine  that 
compel  "sinking  without  warning"  if  it  is  to  be  effectual  in  com- 
merce destroying.  He  shows  by  diagram  how,  owing  to  the 
necessity  of  firing  in  line  with  her  axis,  at  a  distance  of  not 
more  than  one-half  mile,  and  against  the  broadside  of  the  boat 
attacked,  the  submarine  has  only  one  and  one-half  minutes  for 
effective  action  against  a  20-knot  ship.  If  fair  warning  is  given 
there  is  little  chance  of  halting  the  ship  and  considerable  of  the 
destruction  of  the  submarine.  He  believes  this  drawback  can  be 
overcome  in  boats  of  the  future  by  increase  in  speed  to  some- 
thing approaching  that  of  ordinary  ships,  and  eciuipment  with 
torpedo  tubes  to  either  broadside.  A  15-knot  submarine  so 
eciuipped  would  have  nine  minutes  in  which  to  deal  with  a 
20-knot  ship. 

Robinson  ^^  (1915),  managing  director  of  the  Lake  Torpedo 
Boat  Company,  gives  a  general  treatment  of  the  subject  of  the 
submarine  in  warfare;  concluding  w^ith  a  detailed  explanation  of 
the  functions  and  the  sort  of  tactics  advisable  for  each  of  the 
three  types  of  to-day — the  harbor  defence,  the  coast  defence,  and 
the  sea-keeping  offensive  type. 

He  goes  into  each  of  the  principal  constituent  details  of  the 
submarine  boat,  mentions  the  dif^culty  of  propeller  design  for 
both  surface  and  submerged  operation,  and  points  out  that  the 
United  States  designs  have  been  loaded  down  by  overemphasis 
on  safetv.  This  last  fact  has  increased  the  size  and  cost  and 
lowered  the  effectiveness.  The  200-foot  submergence  test  is  an 
example.  All  foreign  navies  have  been  content  with  40  metres 
(131  feet),  and  opinion  here  is  tending  toward  the  adoption  of 
the  150-foot  limit. 

The  present  type  of  submarine,  of  which  the  United  States 
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has  a  C()nsi(lcral)lc  luunbcr,  is  from  j^{)  to  550  tons  sul)mcr;;c(l 
displaccnicnl.  lias  a  surface  speed  of  ij  to  14  knots,  and  a 
radius  of  action,  at  nine  or  ten  knots,  of  1500  to  4500  miles. 

**  The  sea  horizon  viewed  from  a  periscoix^  20  feet  ahove  the 
surface  is  just  10,000  yards.  At  this  ranj^e  the  horizontal  ant^de, 
subtended  hy  a  600- foot  target,  is  a  little  under  one  degree. 
When  the  periscope  height  is  three  feet  ahove  water  the  sea 
horizon  is  distant  4000  yards,  and  when  one  foot  exposed  it 
becomes  2200  yards." 

**  The  practical  difficulties  of  finding  and  then  firing  at  s|)ecks 
on  the  horizon  are  so  many  as  to  compel  the  submarine  to  take 
advantage  of  her  invisibihty  and  immunity  from  gun-fire  to  push 
the  attack  to  close  quarters — 2000  yards  or  less." 

The  "  light  condition  "  signifies  that  all  the  water  ballast 
tanks  are  empty  and  the  cruising  bridge  is  rigged. 

In  the  *'  awash  "  condition  only  those  water-ballast  tanks  are 
empty  which  are  habitually  kept  full  when  running  submerged. 
The  fore-and-aft  trimming  tanks  and  two  smaller  tanks,  called 
the  auxiliary  tank  and  the  adjusting  tank,  are  filled  with  just 
enough  ballast  so  that  when  the  main  ballast  tanks  are  filled  the 
boat  will  be  immediately  ready  for  running  submerged  without 
further  adjustment  of  ballast.  The  submarine  then  has  prac- 
tically the  same  stability  and  safety  as  when  running  "  light." 
A  small  section  of  the  bridge  may  be  kept  up  for  the  lookout,  and 
the  conning  tower  hatch  may  be  kept  open  and  the  radio  rigged. 

In  the  "  submerged  "  condition  the  ballast  and  other  tanks 
are  filled  so  that  there  still  remains  a  small  reserve  of  buoyancy 
(o  to  800  pounds)  and  the  boat  is  all  ready  for  submerged 
running. 

Spear  ^-  (191 5)  discusses  the  submarine  of  to-day  and  to- 
morrow at  very  great  length,  classifying  them  as  to  types  and 
tabulating  the  size,  armament,  etc.,  of  each.  He  takes  up  the 
present  stage  of  development  and  military  status,  and  deduces 
the  probable  future  of  both.  So  far  as  known,  there  are,  in  the 
world  to-day,  about  350  submarines  completed  and  200  more 
building. 

The  mechanical  development  during  14  years  is  shown  by  a 
comparison  of  one  of  the  first  successful  boats  (Type  A)  with 
one  of  recent  construction  (Type  B). 


Type  D.  1914 
Feet  Inches 

230   6 

21     6 

663 

912 

2000 

17 
980 
10^ 

3000 

8 

j()0  Hklkn    1\.    IIosmkk.  [J.  F.  I. 

Taiii.k  I. 

Type  A,  1900 
Feet     Inches 

Length     53         lo 

Beam    lo  3 

Surface  displacement,  tons  67 

Submerged  displacement,  tons  ....  75 

Horsepower,   surface    50 

Speed,  surface,  knots   6 

Horsepower,  submerged    50 

Speed,   submerged,  knots    5V2 

Radius   action,    surface,   knots    . . .  200 

Number  torpedo  tubes    i 


Table  H. 

Type  A,  1900  Type  B.  1914 

Horsepower  main  engines    50  2000 

Pounds  per  horsepower    78  48 

Fuel     consumption,      pounds     per 

horsepower     74  -50 

Horsepower   electric  motors    50  980 

Pounds  per  horsepower    57  48 

Pounds  per  horsepower  of  storage 

battery     909  216 


Type  B  is  fairly  representative  of  the  best  results  achieved 
here  to  date,  and  the  following  comparison  with  boats  of  other 
navies  corroborates  its  representative  nature : 

Table  HI. 

Type  B        English  E 
Feet    Inches     Feet 

Length  230  6        175 

Surface  displacement,  tons  .  . .  663  730 

Submerged  displacement,   tons  912  825 

Engines   Diesel  Diesel 

Horsepower,  surface 2000  1600 

Speed,  surface,  knots   17  15-16 

Speed,  submerged,  knots  10^  9-10 

Armament,  torpedo  tubes  ....  8  6* 

Armament,  guns o  2 

♦DoubtfuL 


German 

German 

U-21-32 
Feet 

U-33-42 
Feet 

213 

223 

640 

665 

787 

822 

)iesel 

Diesel 

1800 

2300 

16 

17 

10 

10 

4* 

5* 

2 

2 
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Considering;  only  l)()als  in  active  commission  and  of  tried 
qualities  the  submarine  of  lo-day  has  ahoiil  the  following  char- 
acteristics : 

Surface  displacemeut    650  to     750  tons 

Suhmcrf^ed    displacement    800  to     qcxd  tons 

Surface   horsepower    1600  to  J300  tons 

Surface  speed    15  to       17  knots 

Subineri^jed    si)ee(l    9-1 1  knots 

Armament  2  guns  of  from  3  to 

4  inches  calihre 
and  4  to  8  tor- 
pedo tu1)es. 

Experience  in  the  Dardanelles,  Baltic  and  Xorth  Seas  has 
demonstrated  the  wide  radius  of  action  and  efficiency,  when 
operating-  submerged,  of  these  boats. 

The  building  of  modern  submarines  of  smaller  surface  dis- 
placements than  650  to  750  tons  is  due  to  military  and  financial 
needs  and  not  to  engineering  limitations.  During  the  last  four 
years  boats  ranging  from  35  to  iioo  tons  have  been  laid  down. 

i\bove  800  tons  these  are  properly  submarines  of  the  future. 
The  smaller  ones  of  those  remaining  may  be  explained  by  certain 
military  and  cost  considerations.  For  defensive  purposes  the 
only  armament  is  the  torpedo,  and  the  main  advantage  is  the 
submerged  condition.  Also  there  is  advantage  in  increasing  the 
number  of  units.  Increasing  displacement  improves  surface 
qualities  more  than  submerged,  or  armament,  and,  because  of 
greater  cost,  decreases  the  number  of  units  available.  Recent 
construction  programs  appear  to  confirm  the  opinion  that  the 
smallest  types  are  suitable  for  coast  and  harbor  defence.  The 
characteristics  of  the  harbor-defence  type  are  as  follows : 

Table  IV. 

Feet     Inches 

Length     66     10 

Surface   displacement,  tons    35 

Submerged   displacement,  tons    43 

Engines    Diesel 

Horsepower,   surface 5o 

Speed,  surface,  knots   8 

Speed,  submerged,  knots   6 

Radius,  surface,  knots   •  •  150 

Radius,  submerged,  knots   18 

Armament,  torpedo  tubes    2 


J()J 
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l-'or  limited  coast  liiirs,  siuli  as  those  of  I^enmark  and  TIol- 
laiid,  lar<4C'r  units,  snch  as  the  followin*^^  dcsij^ns,  have  l)een 
ad()j)le(l : 

Taim.k  V. 

Design  i  Design  2  Design  3 

Feet  Feet  Feet 

l-CIl.Utll      98  IIQ  116 

Surface   (lisplaccment,   tons    132  165  187 

Submerged  displacement,  tons i_|9  204  229 

Horsepower,    surface    300  450  350 

Speed,   surface,   knots    11  12  11,5 

Radius,  surface,  knots    1000  1000  750 

Speed,  submerged,  knots  8.5  8  8.5 

Corresponding  radius,  knots    25  24  25 

Armament,  torpedo  tubes   2  2  3 

Where  there  are  long  coast  lines  or  scattered  possessions,  and 
financial  considerations  are  not  too  pressing,  vessels  of  surface 
displacement  of  from  350  to  550  tons  are  now  used.  The  char- 
acteristics of  some  of  the  hest  known  are  as  follow^s : 

Table  VI. 

U.  S.  English  French  German 

K  Class  D  Class  Pluviose  Brumaire 

Length,  feet   153  150 

Surface  displacement,  tons 389  550  400  400 

Submerged   displacement,  tons    ....  519  615  550  550 

Engines    Diesel  Diesel  Steam  Diesel 

Horsepower,   surface    900  1200  850 

Speed,  surface    14  14  12.3  13 

Speed,  submerged   10.5  8-9(?)  8  9 

Armament,  torpedo  tubes  (internal)  4  3  i  i 

Exterior  launching  apparatus   6  6 

The  offensive  submarine  is  exemplified  in  its  highest  develop- 
ment by  boats  of  650  to  750  tons  surface  displacement,  whose 
characteristics  are  given  in  Table  III, 

Spear  ^-  feels  that  the  harbor-defence  type  will  not  be  per- 
petuated, but  the  coast-defence  and  offensive  types  will  be  built 
in  large  and  increasing  numbers.  He  outlines  the  military  fac- 
tors affecting  future  development,  and  reasons  out  that  the  limit- 
ing conditions  wnll  be : 

Submerged  sp^ed  not  less  than  10  to  12  knots. 
Torpedo  tubes  not  less  than  four. 

Time    required    to    submerge    not    more    than    three 
minutes. 
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These  can  all  be  obtained  to-day  with  a  j^ood  desij^n  of  about 
J50  tons  surface  displacement.  W  ilh  this  list  as  the  niinininni 
the  additional  factors  should  be:  Subnierj^ed  radius  at  least  100 
miles  at  fixe  knots,  which  will  not  raise  minimum  dis|)lacenient 
above  -.'50  tons,  and  will  permit  of  surface  speed  of  11  to  u 
knots  and  a  radius  of  1000  miles. 

The  inlluence  of  the  en<^ine  is  shown  by  an  example  from 
actual  practice  where,  with  a  surface  dis]>lacement  of  350  tons, 
a  trial  si)eed  of  14J/'  knots  was  obtained  wilh  a  lii^ht  two-cvcle 
eni^ine  (weighing-  56  pounds  ])er  horsepower)  of  450  horse- 
])ower  at  450  revolutions.  Replacement  with  heavier  en<i^ines  (  S6 
pounds  per  horsepower)  operating  at  375  revolutions  per  minute 
reduced  the  speed  to  13  knots. 

At  present  the  largest  defence  boats  ordered  by  the  L'nited 
States  are  500  tons  surface  displacement  and  14  knots.  Sea- 
keeping  qualities  place  the  minimum  surface  displacement  at 
about  350  tons.  A  large  number  of  submarines  of  this  size  have 
successfully  crossed  the  Atlantic  under  their  own  power. 

Spear  gives  the  characteristics  of  three  possible  types  of 
boats  fulfilling  the  condition  of  a  2500-mile  effective  cruising 
radius  at  1 1  knots. 

Laubeuf  ^^  (1914)  outlines  the  general  tendency  of  the  de- 
velopment of  submarines,  illustrating  with  specific  boats.  He 
points  out  that  olTensive  power  increases  at  only  a  fraction  of 
the  rate  of  increase  of  tonnage.  He  believes  future  develop- 
ment will  be  in  two  directions :  toward  ( i )  a  boat  of  moderate 
displacement  (400  tons),  easy  to  handle,  well  armed,  and  with 
a  small  radius  of  action  for  coast  defence,  and  (2)  fleet  sub- 
marines of,  say,  1200  tons  and  22  to  23  knots  on  the  surface, 
15  knots  submerged,  powerfully  armed,  and  with  a  wide  radius 
of  action. 

The  article  is  of  interest  because  of  the  author's  illustration 
of  his  points  by  mention  of  actual  boats  in  service. 

Nimitz  ^^  (1912)  considers  the  facilities  of  the  submarine  in 
respect  to  communication,  mobility,  invulnerability,  and  offen- 
sive strength,  and  the  military  importance  of  each. 

Besides  all  usual  visual  methods,  present  practice  gives  a  wire- 
less radius  up  to  50  miles.  This  could  be  increased  with  high 
masts.  For  submerged  communication,  bells  are  used,  and  sig- 
nals have  been  sent,  under  the  best  conditions,  eight  miles  and. 
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under  tlic  worst,  one-half  mile.  Xo  reliable  radio  method  has 
yet  been  (lexised.  The  invulnerability  depends  whollx'  upon  in- 
visibility. The  offensive  stren<^^lh  lies  in  the  ability  to  lire  from 
near  at  hand  before  detection. 

The  submersible  and  submarine  are  compared  as  to  advan- 
tages and  disadvantai^es.  Possibilities  of  tactics  and  military 
methods  are  described. 

Reference  '*"'  (1916)  gives  a  sunuiiary  of  the  performance  of 
submarines  during  the  war  up  to  October,  19 16,  pointing  out 
their  failure  to  come  up  to  expectations,  either  in  combating 
larger  battleships  or  in  preventing  transport  of  troops  to  France. 
1die  Imperial  German  Chancellor,  in  speaking  before  the  Fed- 
eral Council  on  :\ugust  9,  1916,  stated  that  without  sinking  at 
sight  submarines  could  not  maintain  blockade,  and  also,  that  Ger- 
many could  not  build  submarines  rapidly  enough  to  make  up  her 
losses.  The  article  gives  19  as  the  number  of  submarines  known, 
more  or  less  definitely,  to  have  been  sunk  in  191 5.  The  article 
concludes  that,  while  the  submarine  has  much  to  its  credit,  it 
cannot  and  is  not  meant  to  compete  with  the  surface  ship. 

Bernay^^  (1912),  in  discussing  French  boats,  states  that  the 
submarine  devotes  from  35  to  45  per  cent,  of  its  displacement  to 
propelling  machinery  and  20  to  30  per  cent,  of  the  displacement 
to  the  submerged  propulsive  machinery.  The  low  submerged 
speed  is,  tactically,  the  weakest  point  in  the  submarine.  It  has 
been  increased  from  6  to  7  knots  to  10  or  12  in  the  latest  types 
by  improvements  in  the  storage  batteries,  which  seem,  however, 
to  have  about  reached  their  limit.  This  increase  in  speed  has 
necessitated  a  more  substantial  periscope  standard,  in  order  to 
avoid  excessive  vibration,  and  this  makes  it  more  easily  seen. 
Submerged  ecjuilibrium,  trim,  etc.,  are  more  difficult  to  maintain. 

The  surface  speed  has  been  increased  wath  the  same  tonnage 
(400)  from  12.5  knots  in  1905  on  the  Pluviose  with  steam 
engines  to  15  knots  in  191 2  on  the  Faraday  with  oil  engines. 

The  Gustave-Zede  (1910)  and  Nereidc  (1911)  reached  740 
tons  surface  displacement,  an  increase  demanded  for  increased 
speed.  England  built  in  19 12  an  800-ton  boat  simply  to  get 
16  knots,  and  the  Germans  are  doing  likewise. 

Lecointe  ^^  (1911)  considers  the  advantages  of  the  design 
of  submarine  designated  as  the  system  "  del  Proposto "  and 
characterized  by  the  use  of  compressed  air  instead  of  storage 
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hattcries  for  siihnicri^cd  propulsion.  Tlic  air  is  stored  under  hij^h 
pressure.  Suhnier^^ed  il  operates,  first  a  compressed-air  motor, 
which  may  Ik,'  the  compressor  reversed,  if  need  1)C,  and  after 
exj)ansion  is  drawn  into  an  interior  coml)ustion  engine.  A  |)art 
may  he  used  for  ventilation. 

The  system  uses  a  Diesel  en^i^ine,  as  UKxst  efficient  hoth  in 
fuel  and  air  consumption.  The  weii^ht  of  the  compression  flasks 
is  reduced  hy  use  of  hii;h-gra(le  material,  such  as  nickel  steel, 
and  hy  windini;-  with  wire,  to  4  kilo^^rammes  i)er  kilo<;Tamme  of 
air.  It  is  claimed  that  the  weight  of  air  containers  per  1^.  P.  1  f . 
hour  is  hetween  t6  and  24  kilogrammes,  or  one-third  to  one-half 
that  of  a  very  light  storage  hatlery.  The  weight  of  the  latter 
per  horsepower-hour  on  the  propeller  is  given  as  ahout  40  to  50 
kilogrammes.  The  volume  per  E.  P.  H.  is  given  as  66  dm"^  to 
80  dm^.  The  volume  of  the  air  containers  for  a  pressure  of  250 
kilogrammes  is  not  more  than  18  to  20  dm*"^  per  E.  P.  H.  hour. 

In  approaching  an  enemy  the  Diesel  engine  would  l)e  cut  out 
and  the  hoat  run  by  compressed  air  exhausting  into  the  boat,  thus 
avoiding  all  gas  escape.  Considerable  distances  could  be  trans- 
versed  at  three  to  four  knots  before  the  pressure  rose  above  three 
atmospheres. 

The  inventor  claims  the  boat  would  be  much  improved  in 
ventilation,  buoyancy,  speed  of  submerging,  safety  of  navigation, 
etc.  Laurenti  has  worked  out  the  details  of  design  of  such  a 
submarine,  and  gives  the  weights  of  the  various  parts.  He  gives 
the  radius  on  the  surface  as  1450  miles  at  16.5  knots,  and,  sub- 
merged, 27.6  miles  at  14.60  (maximum  16.6)  knots,  or  39  miles 
(inillcs)  at  10.3  knots.  \\'ithout  escape  of  gas  the  latter  would 
be  18.7  miles  at  3.6  knots. 

The  author  claims  that  a  boat  of  1000  tons  displacement,  with 
a  combined  battery  of  compressed-air  tanks  and  Diesel  motors 
weighing  17  kilogrammes  per  E.  H.  P.,  would  have  the  follow- 
ing characteristics : 

Maximum  surface  speed 20     knots 

Maximum  submerged  speed    2^.2  knots 

Radius  of  action,  submerged,  at  maximum  speed     34      miles 

It  is  stated  that  the  German  marine  has  acquired  rights 
(^larch,  191 1 )  to  the  invention. 
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Aj)i)arently  no  cxpcriniciital  trials  had  hccii  made.  Con- 
sidcrahk'  more  detail  is  «^iven  in  the  ori^^inal. 

iveferenee  '"^  (  i(>i  i  )  <^ives  praetieall)-  the  same  material  as  '^ 
in  a  sli,i;htly  dilYerent   t'orm. 

I)anl)in^''  (  i()i^)  discusses  the  possible  functions  of  a  lar^e, 
swift  submarine,  ca|)al)le  of  aetini;-  in  concert  with  a  Heet.  11ie 
present-day  forei,i^n  boat  of  800  tons,  with  a  surface  speed  of 
15  to  17  knots  and  the  ability  to  remain  at  sea  for  three  weeks, 
is  fairly  efficient  as  a  commerce  destroyer,  a  guerilla  of  the  sea, 
or  for  second-line  defence.  But  f^eolo^^ical  and  military  reasons 
would  prevent  such  boats  from  being  of  great  value  to  the  United 
States.  Daubin  believes  that  a  large,  high-speed  boat,  18  to  20 
knots,  with  a  submerged  speed  of  at  least  14  knots  and  a  sub- 
merged radius  of  30  hours  at  lower  speed,  equipped  with  long- 
range  torpedoes  in  broadside  tubes,  and  with  guns,  would  ofifer 
very  great  advantages  and  should  be  at  least  attempted.  He 
considers  that  there  is  only  one  quality  in  which  it  would  be 
experimental,  and  that  is  the  speed.  He  believes  such  boats 
could  be  built  in  14  to  20  months,  if  rushed,  and  answers  the 
various  objections  which  have  been  advanced.  He  believes 
steam  propulsion  will  be  necessary. 

Klein -*^  (191 2)  classifies  submarines  as  single  and  double 
hull.  The  first  is  the  original  type  exemplified  by  the  Holland 
boat,  and  used  for  all  the  English  and  Japanese,  and  almost  all 
of  the  American  boats.  The  second  type  is  exemplified  by  the 
Laubeuf,  Krupp,  Laiirenti,  and  Lake  boats.  All  German  and 
the  greater  number  of  French  and  Italian  submarines  are  built 
on  it. 

Klein  ^*^  compares  the  two  types,  mathematically,  in  regard  to 
(i)  stability,  (2)  seaworthiness,  (3)  diving  qualities,  (4)  water 
resistance,  (5)  resistance  to  collision. 

His  conclusions  are  as  follows : 

I.  The  metacentric  height  in  the  diving  position  is  better  for 
the  single  hull.  In  the  swimming  position  it  is  too  small  for  the 
single  hull  and  too  great  for  the  double-hull  boat.  It  has  been 
proved  that  the  double-hull  boat  must  have  a  very  great  reserve 
displacement  and  an  excessively  great  metacentric  height  in  the 
swimming  state  in  order  to  get  a  serviceable  metacentric  height 
in  the  diving  condition.     This  chief  objection  to  the  double-hull 
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l)()at  lias  l)ccn  considerably  lessened  in  boats  earrxini;-  li(|ni(l  fnel 
by  tloini;  away  with  tlie  "  indilTerenl  "  water  ballast. 

J.  Tlie  behavior  is  alike  in  rcj^j^ard  to  t'reeboard.  distribntion 
of  weii^ht,  and  reserxe  displaeenient.  liecaiisc  of  j^reater  re- 
ser\e  displacement  the  seaworthiness  of  the  double-hnll  boat  i^ 
ci^nsiderably  l)etter.  ^'et  it  is  impossible  to  i^et  as  lar^e  a  reserve 
displacement  with  the  single  hull. 

3.  The  sini^le  hull  has  an  advantai^e  in  fillini^  and  empt\in_<( 
the  ballast  tanks,  in  regard  to  '*  dynamic  "  diving  and  diving 
on  a  level  keel,  the  action  of  both  is  similar.  For  the  dynamic 
method  while  under  water  the  conditions  are  e(|ually  favorable. 

4.  Tn  the  swimming  condition  the  two-hull  l)oat,  and  in  the 
diving  the  single-hull  boat,  has  poorer  resistance.  Recently  the 
single-hull  boats  have  been  built  in  a  form  similar  to  the  torpedo 
boat,  and  therefore,  now,  with  similar  limitation  of  other  char- 
acteristics, as  good  resistance  conditions  in  the  swimming  condi- 
tion can  be  obtained  with  the  two-hull  boat. 

5.  The  two-hull  boat  is  better  protected  against  slight  col- 
lisions. The  author's  and  the  Laurenti  type  of  boats  has  special 
protection  against  deck  collision.  For  heavy  collisions  the  only 
protection  is  water-tight  compartments,  and  the  possibilities  for 
subdivision  are  the  same  for  both. 

American  Boats. — Reference  ^^  (1917)  states  that  the  largest 
American  submarine  afloat  to-day  is  not  over  16  knots,  total 
brake  horsepower  1200,  wdiile  in  191 3  Italy  accepted  four  of  18 
knots  surface  and  14  knots  submerged  speed,  total  brake  horse- 
powder  1500  each.  Vickers  has  built  for  England  nearly  100  sub- 
marines of  the  E-class,  and  is  building  17  more.  This  class  has 
a  speed  of  17  to  18  knots. 

Reference  ^^  (191 7)  states  that  probably  the  largest  sub- 
marine ever  built  in  the  United  States  has  completed  her  trials. 
The  Fore  River  Shipbuilding  Company  built  her  under  contract 
for  the  Electric  Boat  Company  for  the  Spanish  Government.  Her 
surface  speed  is  15.36  knots,  1.36  knots  better  than  any  American 
submarine  in  commission.  She  is  196  feet  long,  with  a  beam  of 
i8j{J  feet,  a  displacement  of  700  tons,  and  a  complement  of  24 
officers  and  crew\  Her  cruising  radius  is  8000  miles.  Her 
engines  are  the  Nlesco. 

Bids  ^'^  (191 7)  has  been  received  by  the  Navy  Department 
for  34  seagoing  submarines  of  the  800-ton  type.     The  Electric 
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Jioat  CoinpaiiN  i)r()p()sc(l  lo  hiiild  i(S  within  16  to  26  months  at 
$1,524, ()()()  on  the  Athmtic  or  $1,592,000  on  the  Pacific  coast, 
each.  The  C'ahfornia  ShiphuiUhng  Company  and  the  Lake  Tor- 
pedo lloat  C  onij)any  would  build  from  four  to  ei<;ht  boats  each 
in  24  to  32  months  at  prices  from  $1,288,000  to  $1,299,000. 

Reference-'  (1913)  describes  briefly  a  submarine  Iniilt  by 
the  J..  A.  Submarine  Boat  Comi)any,  Lon^j^  I>each,  Calif.,  after 
desij^is  by  J.  M.  Cage,  using  gasoline  engines  for  both  surface 
and  submerged  propulsion  and  wi'th  propellers  at  the  bow.  The 
engines  are  two  90-horsepower,  running  900  r.p.m.  at  full  speed, 
and  the  boat  has  an  estimated  surface  speed  of  19  knots.  It 
carries  compressed  air  enough  to  run  the  engines  at  full  speed  for 
four  hours. 

Reference-'"'  (1912)  gives  the  dimensions  of  the  United 
States  submarines  E-i  and  E-2,  launched  in  191 1  by  the  Electric 
Boat  Company,  Xew  London,  Conn.     These  are : 

Length     135  feet    3      inches 

Breadth     14  feet  ii^)^  inches 

Draft   cruising    12  feet 

Surface  displacement    284  tons 

Submerged    displacement    z^y  tons 

Armament,  torpedo  tubes   4 

A  number  of  photographs  are  shown. 

It  is  stated  '^'^  ( 1916)  that  the  United  States  naval  program  in- 
cludes an  appropriation  of  $250,000  for  a  submarine  equipped 
Avith  the  NefT  system  of  propulsion,  which  eliminates  the  storage 
batteries  and  uses  the.  same  source  of  power  for  both  surface  and 
submerged  cruising.  The  propellers  are  located  at  the  bow.  Large 
quantities  of  air  for  ventilation  and  combustion  are  carried  in 
high-pressure  air  flasks. 

The  Neff  system  is  the  product  of  the  L.  A.  Submarine  Boat 
Company,  Long  Beach,  Calif.,  and  worked  very  satisfactorily  in 
1 91 3  on  a  75-foot  model. 

German  Boats. — Treitel  ^'  (1916)  gives  the  principal  char- 
acteristics of  German  submarines  under  construction  as  follows : 

Displacement   submerged    5000  tons 

Length    126  metres 

Power,   surface    18,000  horsepower 

Speed,  surface   26  knots 

Cruising  radius    18,000  to  20,oco  miles 

Speed,  submerged   16  knots 
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Annanicnt  : 

Torpedo    tubes    30 

Total  torpedoes   90 

Mines    IJ5  to  150 

(inns,  of  medium   calibre. 

Guns  of  small,  on  anti-aircraft  mounts. 
I\t'cntera1)le  turreiits  and  conning  tower. 

These  dimensions,  etc.,  would  call  for  a  displacement  of 
2500  tons  and  a  storage  for  600  tons  of  oil. 

The  latest  German  boats  which  have  had  their  trials  have  the 
following  characteristics : 

Displacement     2400  tons 

Lengtb  (over  all)   85  metres 

Beam     8  metres 

Height,  excluding  conning  lower    ....  6  metres 

Speed,   surface    22  knots 

Power,   surface    7000  horsepower 

Speed,  submerged    14  knots 

Cruising  radius    6500  miles 

Armament : 

Torpedo  tubes   8  to  10 

Guns,  small  and  medium 4  to    8 

Supplies  for  six  wrecks. 
Crew,  50  to  60. 

Laubeiif -^  (1915)  discusses  the  German  submarine  and  the 
role  it  has  played  in  this  war.  He  states  that,  as  well  as  is 
known,  the  Germans  had,  in  19 14,  24  submarines  in  service  and 
14  under  construction,  of  which  last  eight  have  probably  been  com- 
pleted since.  She  also  seized  six  other  boats  under  construction 
for  foreign  navies,  making  her  total  38,  of  w^hich  the  oldest  was 
launched  in  1905.  A  table  is  given,  showing  the  characteristics 
of  these  boats. 

In  1907,  when  France  had  85  submarines,  Germany  had  none. 
She  profited  by  the  extended  experience  and  experimentation  of 
France  before  beginning  construction.  Her  building  plan  would 
have  given  her  J2  boats  by  191 7.  Austria  had,  at  the  outbreak 
of  war.  six  submarines  in  service  and  four  under  construction. 

Laubeuf  discusses  the  military  functions  of  the  submarine. 
They  have  been  successful  in  preventing  bombardment  of  ports 
and  in.  forcing  the  blockading  fleet  to  remain  at  a  long  distance. 
He  gives  a  list  of  their  victims. 
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Tlu'  ( icnnan  suhinariiK's  have  all  been  hiiill  by  private  con- 
cerns, the  l''rcncli  by  the  slate.  The  typical  constrnction  of  the 
(lernian  .snl)inarine  is  briefly  described. 

Reference-'*  (  i()K))  states  that  the  ])ni](lini;  ot'  the  Pcutscli- 
laiiii  consnnied  about  li\e  months,  the  Krnpp  plant  ha\in|L(  e(juip- 
nient  capable  ol'  turning-  out  one  vessel  of  this  type  each  month, 
'i'he  Pcittscliland  is  313  feet  lon<^,  30-foot  beam,  with  a  (lis])lare- 
ment  of  about  2000  tons.  She  requires  32  feet  for  complete  sub- 
mersion. She  can  carry  650  tons  of  cargo.  The  details  of 
engine  construction  are  contradicted  l)y  Pahner/'"'  and  so  are  not 
copied  here.  Her  speed  is  said  to  have  been  as  high,  at  times,  as 
14  knots  on  the  surface.  Only  85  tons  of  fuel  were  used  on  the 
16-day  voyage  to  America,  leaving  enough  oil  for  the  return  trip. 

She  was  said  to  l3e  equipped  with  two  microphones  for  the 
detection  of  the  approach  of  other  vessels. 

A  general  account  of  the  Deutschland's  trip  is  given. 

The  Detitschland  covered  a  total  of  4100  miles  in  16  days. 
Other  long  submarine  voyages  have  been  those  of  the  German 
U-51  in  191 5,  3,282  miles  from  Wilhelmshaven,  Germany,  to 
the  Dardanelles  in  42  days ;  14  Canadian-built,  American-designed 
boats  in  191 5,  from  Quebec  to  Plymouth,  under  escort;  4  K-type 
American  boats  in  191 5,  2100  miles  from  Seattle  to  Honolulu  in 
II  days;  English  E-14,  from  Devonport  to  the  Dardanelles;  Eng- 
lish E-14,  46  days  to  the  Mediterranean. 

Austrian  Boats. — Reference  ^^  (1917)  says  that  at  the  out- 
break of  the  war  the  Austrian  submarine  navy  consisted  of  only 
six  boats,  all  launched  in  1908-09.  Six  others  were  under  con- 
struction, some  of  which  afterward  succeeded  in  reaching  the 
Adriatic.    The  boats  had  the  following  characteristics : 

Time  to  Submerged     Speed     Knots 

■^o-        Type  Built  Submerge  displace-    surface      sub- 

men  t  merged 

2  Lake  Pola  Arsenal  2%  minutes       270  tons        12     7.3 

2  Germania  Yard,  Kiel  15      seconds 

2  Holland     Whitehead  Works,  Fiume  270  tons 

6  Germania  Yard,  Kiel  1000  tons         18 

Some  German  boats  were  shipped  by  rail,  of  which  one,  a 
mine  layer,  was  raised  afier  having  been  sunk,  and  restored  by 
the  Italians.  She  was  evidently  hastily  built,  of  crude  construc- 
tion, small  size  and  low  speed,  and  carried  no  armament  beyond 
a  dismountable  machine  sun. 
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Kcfcrciicc  •■'  (i(ji4)  describes  the  reccnl  addition  to  the 
Aiistro-l  lunj^arian  Xavv  ot'  the  L'-III  and  the  I'-IV,  hniU  at 
(ierniania  ^  ard,  Kiel,  hy  Krup]).  Tliex  are  14J  feet  lon^,  IJ 
feet  4  inches  beam,  and  lia\e  a  surface  (bsplacenient  of  J35  tons. 
The  general  construction  is  described. 

Surface  proi)ulsi()n  is  by  means  of  two  two-cycle  heavy  oil 
engines  with  a  total  of  600  horsepower.  Submerj^ed  the  boat  uses 
two  electric  motors  desi^i^ned  to  develop  320  horsepower.  The 
surface  speed  is  12  knots,  and  submer<;ed  (S.T)  knots.  At  10 
knots  the  radius  is  uoo  miles  on  the  surface  or  60  miles  sub- 
merged, the  latter  at  six  knots.  The  lK)at  can  be  brought  in  the 
stirface  in  one  and  one-half  minutes.  The  armament  consists  of 
two  eight-inch  \\'hitehead  tori>e(lo  tubes. 

British  Boats. — Reference'^-  (191 7)  copies  from  the  Xezu 
York  Sun  the  report  of  the  recent  successful  trial  of  a  21-knot, 
5000-i.h.p.,  steam  turbine-driven  British  submarine. 

Reference  ^"^  (1913)  describes  the  English  submarine  navy, 
which  is  stated  to  be  larger  than  any  other.  Each  type  is  briefly 
described  and  the  history  of  the  boats  included  in  it  given. 

French  Boats. — Reference  ''^  (1911)  describes  the  manoeuvres 
of  the  French  flotilla  in  1909-10,  and  gives  the  conclusions 
reached  as  to  the  qualities  of  each  of  the  types  of  boats  engaged. 

Reference^''  (1914)  states  that  there  were  in  France,  under 
construction  and  projected  for  1914,  25  submarines,  as  follows: 


Xo. 

Type 

Surface 
displacement 

Length 
meters 

Beam 
meters 

Depth 
meters 

Speed 
knots 

Engine 

10 

Chlorin 

de 

410 

54 

5-1 

2>-2> 

15 

Diesel 

2 

Zcdc 

797 

74 

6.0 

Z-1 

20 

Diesel 

3 

Qu-I02 

520 

60.6 

5-4 

3-7 

17 

Diesel 

8 
2 

QU-105 
Qu-107 

833 
630 

7h- 
68 

6.4 

5-5 

3-99 
3-75 

19 
17 

Steam 
Diesel 

Dutch  Boats. — Reference  ^^  (1914)  describes  with  detailed 
drawings  the  construction  of  a  Dutch  submarine.  She  is  48.58 
metres  over  all,  4.32  metres  beam,  and  has  a  surface  displace- 
ment of  328.8  tons.  She  has  two  eight-cylinder,  double-acting, 
reversible  Diesel  engines  of  850  i.h.p.  at  450  r.p.m.,  of  the  Augs- 
burg type,  giving  a  maximum  speed  of  16  knots  for  three  hours 
and  a  cruising  speed  of  1 1  knots. 

For  submerged  running  the  storage  batteries  of  3830  ampere- 
hours  for  5  hours,  or  4400  ampere-hours  for  10  hours,  will  give 
Vol.   184.  Xo.   iicc — 20 
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I  I  knots  niaxiiiium  cniisiiii;'  s])c'C'(l  for  one  liour,  or  cii^lil  knots 
for  four  hours. 

A  suhniarinc  hell  and  receiviiij^  instrument  are  installed.  The 
armament  consists  of  two  torpedo  tuhes  at  the  l>ow  and  one  at 
llie  stern  for  45-cin.  Whitehead  torpedoes.  There  are  two 
perisco|>es. 

Eiu/ijiccriiK/'-^'  (1912)  descrihes  hriefly  the  tests  of  a  suh- 
mersihlc  recently  completed  on  the  plans  of  Whitehead  &  Co., 
I^^iume,  hy  Koninklyke  Maatschappy  ''  de  Schelde,"  at  Flushing, 
for  the  Dutch  Navy.  The  followin^^  special  points  are  men- 
tioned :  Pumps  capahle  of  pumpin<2^  against  a  head  of  200  feet ;  a 
static  driving  gear  by  means  of  which,  and  at  small  expense  of 
power,  an  exact  regulation  (within  i  dcm.)  of  the  desired  depth 
is  possible;  two  periscopes  6  metres  long;  turning  diameters  of 
180  metres  on  the  surface  and  160  metres  submerged;  extreme 
habitability,  with  accommodations  for  11  men  for  one  week. 
The  boat  is  105  feet  long,  with  10- foot  beam.  Her  300-horse- 
power  Diesel  engine  and  electric  motor  give  her  a  surface  speed 
of  1 1.2  knots  and  a  maximum  submerged  speed  of  11  knots. 
Her  radius  of  action  on  the  surface  is  1000  miles  at  10  knots, 
and  submerged  6  hours  23  minutes  at  seven  knots,  or  i  hour 
at  II  knots. 

Miscellaneous  Boats. — Reference  ^^  (1909)  is  an  unsigned 
article  describing  the  development  and  present  status  of  the  sub- 
marines of  the  different  navies.  The  policy  and  progress  of  ex- 
perimentation in  the  various  countries  is  outlined  and  the  results 
critically  examined.  A  list  is  given  of  the  submarines  in  com- 
mission, building,  and  projected,  with  the  type,  year  of  building, 
motive  power,  horsepower,  displacement,  dimensions,  velocity, 
radius,  and  torpedo  tubes  of  each. 

Weaver  ^^  (1911)  describes  in  great  detail  the  cruise  of  the 
submarine  Salmon  from  Quincy,  Mass.,  to  Bermuda  and  back  in 
1910. 

The  Salmon,  like  practically  all  United  States  submarines  in 
service,  was  of  the  modified  spindle  form  instead  of  the  ship  form 
of  the  Lake,  Laurenti,  Laubeuf,  and  Krupp  type.  The  cruise 
demonstrated  that  this  single-hull  type  has,  ( i )  for  a  given 
power  of  machinery,  a  higher  submerged  velocity,  and  (2)  higher 
structural  strength  for  diving  in  deep  water.  These  advantages 
are  eained  at  the  cost  of  habizabilitv  and  seaworthiness. 
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The  Saliiion  was  4nA)()j  iiK'lres  Ion*;  oxer  all.  4.-'.^-'  metres 
beam,  total  displacenieiit  sul)incr<;e(l  of  T^^y  tons,  and  was 
eqnipped  with  <;asoline  eni^ines.  She  carried  22  persons.  The 
tiill  \oi^  is  <;iven  and  shows  the  behavior  of  the  submarine  in 
heav\-  weather,  ll  was  concluded  that  in  storm  a  submarine  is 
safer  than  any  other  type  of  boat,  but  it  is  very  uncomfortable  in 
heavy  weather. 

Reference"*'^  (1916)  gives  photographs  and  a  brief  descrip- 
tion of  the  German  mine-laying  submarine  C-5,  which  was  no 
feet  long  and  10  feet  maximum  diameter.  She  carried  17  men 
and  one  officer,  was  driven  by  two-cylinder  Diesel  engines,  and 
had  a  surface  speed  of  about  six  knots. 

Bieg^^  (1915)  suggests  the  possibility  that  an  offensive  sul> 
marine  might  be  very  serviceable  in  combating  the  operations  of 
a  fleet  against  our  shores,  and  outlines  the  characteristics  of  a 
type  which  he  would  like  to  see  tried  out. 

His  boat  is  a  heavily  armored  ship  with  hull  designed  for  the 
greatest  efficiency  for  surface  running.  She  would  not  dive,  and 
would  submerge  only  to  the  aw^ash  condition,  and  merely  to  make 
herself  invisible  while  out  of  range.  Within  range  she  w^ould 
depend  upon  her  armor,  and  the  illusiveness  of  so  low  a  target  as 
w^ell  as  fighting  within  a  range  so  short  that  it  would  be  hard  to 
reach  with  the  big  guns. 

Alusoforiti  ■*-  (1917)  has  invented  a  device  for  automatically 
raising  a  sunken  submarine  b}^  inflation  of  collapsed,  air-tight 
bags  with  acetylene  generated  by  the  action  of  water  on  calcium 
carbide. 

.Skerrett^^  (1912)  describes  a  combined  salvage  and  testing 
dock  for  submarines,  launched  by  the  Italian  Government. 

Reference  "^"^  (1911)  describes  a  French  submarine  salvage 
boat,  giving  the  dimensions.     She  is  wathout  motive  power. 

Reference  ^^  (1914)  describes  the  Italian  submarine  salvage 
vessel  Antco,  which  is  designed  to  follow^  the  fleet  during  man- 
oeuvres or  in  time  of  war.  She  is  propelled  by  two  compound 
engines  of  800  horsepower.  She  is  165  feet  long  and  78  feet 
broad,  and  has  equipment  for  raising  400  tons  from  a  depth  of 
over  200  feet  at  a  rate  of  over  four  feet  per  minute. 

Reference*^  (1912)  describes  the  submarine  transporting  ship 
Kangiiroo.  This  boat  is  so  designed  that  a  part  of  the  bow  may 
be  removed  and  the  submarine  floated  directly  into  the  hold, 
which  is  T93  feet  long. 
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Daiitiii'"  (i()U))  (lcscril)C's  llic  liraziliaii  siibiiiarinc  (lcp(jt 
niotorsliij)  Ccara.  'This  sliij)  has  I'arilitics  for  liflin<;  and  dry- 
(lorkinj^^  the  submarines  attached  to  il,  as  well  as  accommodations 
for  their  crews,  supplies,  etc.  She  is  ^jS  feet  lon<(,  51  feet  broad, 
with  a  dis]>laceuK'ul  ol"  41.^0  tons  and  a  s])ee(l  of  14  knots.  Iler 
e(iuipment  is  (lescril)ed  very  fully.  Particular  attention  i>  ])aid 
to  her  I  )iesel  engines. 

Davis  '■'^  {\()\C))  j^ives  very  fully  the  constructional  details 
and  i^eneral  layout  and  ecpiipment  of  the  United  States  sub- 
marine tender  BushncU,  with  tables  of  dimensions  and  diagrams. 

References  ■*'•  (  1914-15)  ^ive  in  detail  the  dimensions,  equip- 
ment, and  tests  of  the  submarine  tender  Fulton.  The  second  of 
the  references  is  the  more  detailed,  but  does  not  cover  the  trial 
tests. 

Motorship '•**  (1917)  gives  much  detail  and  discussion  of 
submarine  chasers  and  patrol  boats,  and  of  the  Diesel  engines 
used  in  them.     Builders  are  given. 

Lake  ^  (191 5-16)  discusses  the  advantages  and  practicability 
of  a  special  type  of  submarine  for  navigation  under  ice,  as  in 
polar  exploration.  He  also  suggests  its  use  in  locating  and  gath- 
ering: shellfish  from  the  bottom  of  the  ocean.  He  has  alreadv 
designed  a  special  type  for  the  purpose. 

Dietze  ""^  (1911)  deals  mathematically  at  some  length  with 
the  physics  and  hydraulics  of  the  submarine,  methods  of  diving, 
and  changes  in  buoyancy. 

Klein ''^  (1913)  gives  a  mathematical  investigation  of  the 
principles  of  dynamics  underlying  the  operation  of  submarines, 
under  the  headings  of  "  Equilibrium  Conditions,"  "  Stability," 
"  Determination  of  the  Magnitude,  Direction,  and  Position  of 
Water  Resistance  by  Means  of  Models." 

He  gives  a  bibliography  of  technical  articles  on  the  submarine 
from  1859  to  191 1,  which  he  states  is  as  complete  as  possible. 

Werner  ^'*'^  (1914)  discusses  the  stability  of  submarines  while 
filling  the  ballast  tanks,  and  deduces  mathematically  the  condi- 
tions that  must  be  fulfilled  for  safety,  and  their  translation  into 
proper  design  of  boat. 

Reference  ^^  (1916)  describes  the  deep  submergence  test,  at 
200  feet  depth,  of  the  Lake  type  boat  G-3.  The  pressure  at  this 
depth  is  88  pounds  per  square  inch,  and  the  boat  was  subjected 
to  it  for  14  minutes. 
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II.    PROPULSION. 

Iini/incs. — licrliiij;  " "  (HjH))  descnlK-s  in  considerable  de- 
tail the  general  e(}uipnient  used  for  ])ro|)ulsion  in  submarines. 
He  gives  the  combined  weight  per  horsepower  of  all  the  propul- 
sive machinery  of  a  submarine  as  alK)Ut  eleven  times  that  for  the 
mcxlern  torpedo  lK>at.  On  account  of  the  greater  pressures  the 
hull  of  the  former  must  have  JO  per  cent,  greater  weight,  and  of 
the  total  building  weight  only  jS  to  30  i)er  cent,  can  ])e  allowed 
for  machinery,  compared  with  48  to  50  per  cent,  for  the  latter. 
These  facts  explain  the  limited  si:)eed  of  the  submarine. 

The  Diesel  engines  consume  about  190  to  220  grammes  (0.42 
to  0.485  pound  of  fuel  per  horsepower  hour. 

Berling  shows  mathematically  that  any  increase  in  the  weight 
of  surface  propulsion  machinery  must  cause  a  decrease  in  sub- 
merged speed,  and  z'ice  zrrsa.  By  a  comparative  table,  computed 
from  data  of  tank-model  towing  experiments,  propulsive  coeffi- 
cient measurements,  and  British  Admiralty  formuke.  he  proves 
that  the  oil-electric  boat  of  moderate  size  has  reached  the  upper 
limit  of  propulsive  effect. 

Steam  was  early  used  for  surface  propulsion,  but  mainte- 
nance of  bearable  temperatures  within  the  submarine  demands, 
with-it.  the  use  of  extensive  cooling  and  ventilating  apparatus. 
The  steam  engine,  besides  occupying  more  space,  also  consume-i 
about  3.5  times  as  much  oil  per  horsepower  as  the  Diesel  engine, 
and  so  makes  it  impossible  to  obtain  more  than  15  knots  surface 
speed  without  reducing  the  radius  of  action  consideraljly.  a 
tendency  which  is  increased  by  the  crowding  of  the  living  spaces. 

Berling  describes  very  fully  the  operation  of  the  steam  soda- 
boiler  power  plant  of  the  German  inventor  Honigmann.  with 
illustrations  and  arrangement  of  a  proposed  submarine  of  700 
tons  fitted  with  the  system. 

\Mth  this  system,  surface  cruising  is  done  with  a  steam 
engine.  At  the  same  time  part  of  the  steam  is  used  to  concen- 
trate a  sodium  hydroxide  solution,  ^^'hen  submerged,  low- 
pressure  steam  heats  this  solution  and  is  absorbed  by  it.  The 
latent  heats  of  condensation  and  of  solution  of  the  sodium 
hydroxide  produce  enough  further  heat  to  generate  steam  in  a 
flask  surrounding  the  soda  container  for  running  the  engines. 

Xo  exact  details  of  such  engines  have  reached  the  public  since 
1885,  but  the  author  gives  what  he  regards  as  probable  figures. 
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Kvaporation  of  the  sodium  liydroxidc  takes  one  and  one-half 
hours  when  the  boat  is  at  rest  and  three  to  four  when  under  way, 
compared  with  a  nnninuini  of  six  to  ten  hours  lor  charging 
storage  l>atteries.  Ihe  oil  consumption  is  about  2.8  times  as 
nuich  i)er  horse])()wer  as  with  the  oil-electric  drive.  A  3000- 
horsepowcr  soda  boiler  capacity  should  take  about  three  tons  of 
oil  for  renewal  and  then  be  capable  of  from  one  and  one-(|uarter 
to  one  and  one-half  hours  at  121/2  knots  submerged.  The  weight 
for  the  submerged  installation  is  very  much  lower  than  for  any 
other  type.  The  life  of  the  soda  boiler  is  rather  limited  and  the 
space  requirements  are  high.  A  table  of  computed  weight  of 
machinery,  speed,  radius,  etc.,  for  each  of  eight  different  dis- 
placements is  given. 

(See  also  Berggeen,^''^  ii,  p.  286.) 

Berling  also  outlines  the  "  Del  Proposto  *'  system,  using 
either  compressed  air  or  oxygen  to  supply  the  internal-combus- 
tion engines  during  submerged  cruising.  He  states  that  one 
pound  of  fuel  oil  requires  about  24  pounds  of  air  for  combustion. 
He  illustrates  the  arrangement  by  diagram.  The  machinery 
parts  are  designed  so  light  as  to  allow  very  little  factor  of  safety. 
The  result  is  a  boat  of  only  435  tons  displacement,  capable  of 
1 400  sea  miles  awash  at  16.45  knots  and  27.6  miles  submerged  at 
16.6  knots.  (See  Lecointe^^  (1911),  i,  p.  96,  and  Berggeen  ^•'^ 
(1916),  ii,  p.  264.) 

Berling  considers  what  he  calls  a  rational  boat  construction 
of  sufficient  armament,  convenient  living  spaces,  diving  rudders, 
etc.,  and  analyzes,  the 'results  from  the  installation  of  the  above- 
mentioned  different  types  of  machinery.  He  tabulates  the  weight 
and  space  occupied  by  each  type  of  installation,  and  the  capacity, 
speed,  and  radius  of  the  resulting  boat.  He  gives  comments  and 
data  of  actual  tests  on  the  combinations  listed.  He  shows  by 
curves  (i)  weight  requirements  for  submerged  machinery  in- 
stallation with  increasing  capacity,  (2)  space  requirements  for 
submerged  machinery  installation  with  increasing  capacity,  (3) 
resistance  curves  for  submarine  and  for  submersible,  on  surface 
and  submerged. 

Berling  concludes  with  the  statement  that  the  capacity  limit 
of  submarines  will  always  be  low  so  long  as  two  fundamentally 
different  types  of  machinery  must  be  used  for  propulsion.  Past 
failures  have  been  due,  first  to  the  weioht  of  the  hull,  and  second. 
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to  the  fact  that,  with  sin_i;k*  iiKdoi's  for  both  surface  and  sub- 
nier<;e(l  runninj.i,  the  oxygen,  which  must  l)e  carried  in  llasks, 
very  considerably  increases  the  weight  and  space  re(|uirenients. 

The  jirticle  gives  a  good  idea  of  how  closely  balanced  and 
interrelated  are  the  reciuirements  and  limitations  of  space  and 
machinery,  weight  and  speed. 

Reference  ^^  (1916)  is  the  original  of  ^^  and  is  illustrated 
witli  many  ])hotographs  as  well  as  diagrams.  The  former  are 
omitted  from  the  translation. 

Hoar  ^"''  (1916)  considers  that  the  present-day  submarine 
dates  from  the  adoption  of  the  internal-combustion  engine  as  a 
source  of  power.  There  is  a  tendency,  however,  at  the  present 
time  to  return  to  steam. 

The  gasohne  engine  was  first  used  and  was  installed  in  the  A. 
B,  C,  D,  and  three  of  the  G  class  of  our  navy.  It  gave  very  satis- 
factory operation,  and,  in  view  of  its  recent  perfection,  could 
now  be  expected  to  do  even  better.  It  was  light,  compact,  and 
simple.  The  drawbacks  are  cost  of  fuel,  danger  of  fire,  explo- 
sion, and  asphyxiation  or  poisoning  by  the  escape  of  carbon  diox- 
ide or  monoxide  gas.  Of  these  the  author  considers  only  the  first 
real  and  insurmountable. 

The  Diesel  engine,  which  was  next  adopted,  burns  almost  any 
low-grade  oil  which  can  be  vaporized,  and  it  develops  i  brake 
horsepower  per  hour  from  0.55  to  0.63  pound  of  fuel.  The 
theory  of  its  operation  is  simple  and  is  given  in  brief  for  both 
the  two-cycle  and  four-cycle  types.  The  economy  of  the  former 
is  much  lower  than  the  latter. 

In  practice  the  engine  is  far  from  simple,  as  the  excessive 
temperatures,  going  as  high  as  3000 "  F.,  together  with  the  high 
cylinder  pressure  (500  to  900  pounds  per  square  inch),  impose 
demands  hard  to  meet. 

The  ideal  submarine  engine  should  be  of  high  power  and 
speed,  light,  simple,  and  accessible.  Reliability  and  accessibility 
have  to  be  sacrificed  at  present  in  order  to  make  the  Diesel  engine 
meet  the  other  requirements,  and  simplicity  is  little  likely  ever 
to  be  attained  wath  it.  The  engines  in  service  give  a  great  deal 
of  trouble,  and  the  author  believes  that  the  relative  success  of  the 
German  boats  in  this  war  has  been  due  to  their  working  in  relays 
and  being  given  a  thorough  overhauling  after  each  cruise. 

The   recent   increase   in   size   of    submarine,    demanding   an 


JjS  IJkLK.N     k.     IIOSMKU.  IJ.l^M. 

iiuTiasc  in  ciii;iiK'  ])()\\rr  wliicli  tlic  I  )ic'sc'l  caiinol  meet,  t(jgether 
with  tlu-  wcii^lit  and  space  limitations,  and  the  increased  effi- 
ciency and  reliability  ol"  llie  steam  en<;ine,  have  led  to  a  certain 
re\-ersi()n  to  the  latter. 

Jt  is  now  possible  with  the  oil-bnrnin;^  boiler  to  get  an  elTi- 
ciency  as  hi<;h  as  0.7  to  n.H  ponnd  of  fnel  ])er  brake  horse- 
]>ower.  The  weii^ht  is  mnch  les>  and  the  simplicit}'  and  accessi- 
bility much  j^reater  than  for  the  Diesel  motor.  'Jdie  mean  effect- 
ive pressure  in  the  steam  unit  is  higher,  and  the  maximum  cyhn- 
der  pressure  is  al)()ut  one-quarter  that  in  the  Diesel  engine.  1  he 
extreme  temperature  is  less  than  a  fourth. 

The  ideal  propulsion  would  be  a  single  power  plant  for  sur- 
face and  submerged  running.  Hoar  mentions  the  ''  Del  Pro- 
posto"  and  soda-boiler  schemes.  He  accredits  the  last  to 
D'Kquevilley.  a  Spanish  engineer,  but  states  that  the  principle 
is  old,  having  been  used  in  this  country  by  Luck  in  1873.  The 
system  has  also  been  tried  in  Germany  and  France,  etc.,  but  it 
is  not  believed  that  any  great  success  has  been  attained. 

The  L.  A.  Submarine  Boat  Company,  of  California,  with 
which  Hoar  is  connected,  has  recently  perfected  a  system  using 
the  same  unit  for  surface  and  submerged  propulsion,  but  details 
are  not  yet  available  for  publication.  This  is  mentioned  in  refer- 
ence ^"   (see  part  I). 

Bernay  ^^'  (191 2)  states  that  a  French  submarine  built  in 
1902,  designed  to  operate  submerged  on  oil  engines  supplied  by 
compressed  air,  was  a- failure.  Two  others  designed  to  operate 
in  closed  cycle  with  oxygen  were  never  finished.  He  states  that 
an  Italian  firm  is  actually  building  a  boat  on  the  ''Del  Proposto" 
system. 

Chalkley  ^^  (191 5)  mentions  the  fact  that  the  submarine  in 
its  present  form  owes  its  existence  to  the  internal-combustion 
engine.  Gasoline  was  used  at  first,  and  several  such  engines  are 
still  doing  good  service. 

The  first  Diesel  submarine  engine  w^as  completed  in  1907  or 
1908,  and  this  engine  was  adopted  practically  at  the  same  time 
by  British,  French,  and  German  navies.  Difficulty  was  encoun- 
tered from  the  first  in  the  necessity  for  increasing  the  speed  of 
rotation  in  order  to  get  a  minimum  weight  of  machinery.  The 
high  temperature  of  combustion,  1200  to  1500°  C,  led  to  further 
difficulties. 
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Iho  wcii^lu  ol  the  slow -ninninin  I  )icsc'l  cni^inc*  used  on  mer- 
cantile vessels  is  alxnit  ^^50  pounds  ])er  brake  horsepower,  against 
50  to  70  pountls  t'or  the  submarine  engine. 

The  author  discusses  the  types  ot'  en.i;ines,  two-cycle,  four- 
cycle, etc.,  used  hy  the  different  navies,  and  <^ives  descriptions 
of  the  manner  of  operation  and  illustrations  of  the  Krupp,  Xurn- 
herg,  Sulzer,  and  Polar. 

He  concludes  ])y  pointing  out  that  the  development  of  the 
submarine  is  limited  only  by  the  peculiarities  of  the  engine. 
^Tuch  larger  and  faster  (  jo  knots  or  more)  l)oats  will  be  built 
just  as  soon  as  satisfactory  motors  of  2000  or  3000  brake  horse- 
power are  produced. 

The  internal-combustion  engine  is  ideal  for  the  sul)marine,  in 
that  it  can  be  started  or  stopped  instantly,  permitting  rapid  sub- 
mergence and  emergence. 

Lake  ^'  outlines  the  transition  from  one  tyi>e  of  gasoline 
engine  to  another,  and  finally  to  the  Diesel  engine,  and  the 
troubles  encountered.  He  believes  that  the  demand  for  increased 
speed  in  the  last  years  has  come  so  rapidly  that  reliability  has 
been  sacrificed.  Bearing  pressures  have  been  run  up  to  1700 
pounds  per  square  inch,  and  complication  of  construction  has 
increased  tremendously.  He  was  present  at  a  test  of  a  rever- 
sible, continental  engine  running  at  450  revolutions  per  minute 
on  a  small  boat,  and  the  noise  was  such  that  conversation  with- 
out shouting  was  only  possible  on  deck  near  the  bow.  A  photo- 
graph is  given. 

This  engine  works  very  well  at  100  revolutions  per  minute, 
but  when  run  up  to  the  350  to  400  revolutions  per  minute  neces- 
sary to  get  the  required  horsepower  into  the  limited  space  avail- 
able in  a  submarine  the  noise  is  terrific. 

The  Diesel  engine  of  500  pounds  or  more  per  horsepower 
works  satisfactorily  on  land,  but  the  attempt  to  change  to  a  rever- 
sible high-speed  engine  of  50  pounds  per  horsepower  has  brought 
great  trouble.  Millions  have  been  expended  without  yet  pro- 
ducing a  satisfactory  result. 

''  There  are  some  destructive  actions  in  connection  with  large, 
high-speed,  light-weight  internal-combustion  engines  that  practi- 
cally all  designing  engineers  have  failed  to  grasp.  Otherwise 
engineers  cf  all  nationalities  would  not  have  failed  to  the  extent 
they  have,  and  T  do  not  believe  there  is  a  submarine  engine  in 
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service  to-day  thai  has  fuUs  met  the  expectations  of  its  designers 
and  builders.  It  is  unfortunate  for  the  engineering  profession 
that  government  pohcy  will  not  permit  of  a  full  disclosure  of  the 
defects  of  engines  and  other  e(|uipment  in  government-owned 
vessels.  Were  a  frank  disclosure  made  other  inventors  and  engi- 
neers would,  in  all  probability,  take  up  the  problems,  and  they 
might  then  sooner  be  solved." 

Lake  concludes  from  his  experience  that,  in  the  successful 
heavy  oil  engine  which  will  eventually  be  produced,  bearing 
pressures  should  not  exceed  looo  pounds  per  square  inch  of  pro- 
jected area  on  main  bearings  or  crank-pins.  For  some  as  yet 
undiscovered  reason,  the  diameters  of  crank-shafts  must  be 
increased  from  the  five-inch,  which  are  more  than  ample  to 
transmit  600  horsepower  at  400  revolutions  per  minute  on  the 
steam  engine,  to  at  least  seven  inches  for  the  same  service  on  the 
Diesel  submarine  engine.  Lake  gives  specific  instances  where  dis- 
regard of  this  point  has  brought  failure  in  operation.  He  states 
that  the  recognition  by  our  government  of  the  need  for  greater 
reliability  is  shown  by  the  fact  that  the  latest  requirements  elimi- 
nate the  reversible  engine,  so  that  reversing,  even  on  the  surface, 
must  be  done  on  the  electric  motors.  While  this  is  a  step  back- 
ward, it  will  give  the  engine  builders  a  very  necessary  chance  to 
catch  up. 

Photographs  are  given  of  the  latest  model  of  the  Krupp  six- 
cylinder,  two-cycle  engine,  of  which  a  large  number  were  under 
construction  just  before  the  war;  of  the  Fiat-San  Giorgo  six- 
cylinder,  two-cycle  engine,  designed  for  1300  brake  horsepower 
at  350  revolutions  per  minute,  which  is  the  largest  submarine 
engine  yet  built  of  which  Lake  has  any  knowledge;  of  the  Augs- 
burg four-cylinder,  four-cycle  engine,  which  is  used  and  has 
given  good  service  on  a  number  of  German  submarines,  in  spite 
of  its  greater  bulk  and  weight,  because  of  its  fuel  economy  and 
reliability;  and  of  the  Sulzer  engine,  used  on  some  of  the  Lake 
and  European  boats.  The  last  type  is  built  in  Switzerland  and 
also  by  the  Busch-Sulzer  Brothers-*Diesel  Engine  Company,  at 
St.  Louis,  Mo.,  in  "  one  of  the  most  complete  plants  of  the  kind 
in  the  world." 

The  1300-horsepower  Fiat  engine  mentioned  above  as  prob- 
ably the  largest  submarine  engine  built  to  date  had  sucessful  shop 
tests.     Its  subsequent  history  is  not  known.     As  the  25-knot  sub- 


Aug.,  1917.]     SlMMAKlM-.S    IN     ri.KlODU    \l.     I  J  I  1 K  A  r  L'RE.  28 1 

marines  authorized  by  Coiif^ress  (in  i()i4)  must  he  at  least  ^cx) 
feet  long  and  have  not  less  than  lo.ooo-horsepovver  to  meet  that 
speed  re(|uirement.  the  advance  in  engine  development  recjuircd 
is  very  considerable. 

BedelP  (1917)  states  that  the  \iirnl)erg  type  of  Diesel 
engine  was  the  one  chosen  to  succeed  the  gasoline  engine  for 
surface  propulsion,  and  many  are  still  in  operation.  The  ty|)€ 
has  been  much  modified  in  recent  American  submarines,  and  the 
resulting  engine  has  given  good  service.  The  heavy  oil  now  used 
gives  twice  the  number  of  horsepower-hours  that  can  be  obtained 
from  the  same  volume  of  gasoline.     Bedell  gives  no  exact  data. 

The  offensive  (  Spear  ^-)  (1Q15)  or  fleet  submarine  demands 
high  surface  speed,  and  this  dei>ends  upon  the  surface  power 
plant.  The  maximum  power  per  unit  of  Diesel  engine  in  actual 
service  is  about  1200  horsepower,  but  larger  units  are  under 
construction. 

Germany  uses  many  four-cycle  engines,  but  more  commonly 
two-cycle,  of  very  high  speed  and  light  weight. 

England  has  almost  wholly  four-cycle  engines  of  moderate 
speed  and  weight. 

France  and  Russia  use  both  types  of  greater  weight  and  mod- 
erate speed.  The  tendency  in  the  United  States  is  toward  a 
heavier  engine  of  moderate  speed,  though  a  number  of  the  fast, 
Hght-weight,  two-cycle  type  have  been  installed. 

The  Diesel  engines  employed  vary  from  50  pounds  per  brake 
horsepower  and  500  revolutions  per  minute  to  100  pounds  per 
brake  horsepower  and  350  revolutions  per  minute.  A  fair  aver- 
age is  70  pounds. 

At  present  it  is  entirely  practicable  to  install  from  4000  to 
5000  horsepower  in  a  boat  of  900  to  iioo  tons  surface  displace- 
ment. With  this  displacement  and  a  length  of  260  feet  the  above 
power  will  give  20  or  21  knots.  For  25  knots,  if  the  length  be 
restricted  to  300  feet,  excessive  length  being  very  undesirable, 
and  with  a  displacement  of  1200  tons  on  the  surface,  from  10,000 
to  12,000  horsepower  would  be  required. 

Such  a  speed  requirement  may  force  the  use  of  the  steam 
engine,  temporarily,  in  spite  of  its  serious  disadvantages,  and 
with  constant  sacrifice  of  submerged  qualities,  all  very  serious 
defects  from  a  military  standpoint.  France  at  present  uses  steam 
on  a  few  of  her  submarines.     Adaptation  for  the  25-knot  sub- 
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niariiK'  ini,L;ht  casil)'  ])r()vc  a  failiuw  and  would  he  lint  a  Icnipo- 
rar\'  expedient  at  l)e>l. 

Discussion  broui^ht  out  seveial  I'urther  points.     'The  fact  that 
tlie  power  i)hnU   t'or  a  j^-knot  hoat  is  a  prohlem  still   unsolved 
was    emphasized.       lii^h    surface  speed    niean>    sacrificed    suh- 
nieri^ed  speed,  and  t7V('  rcrsa. 

The  ])()ssil)ility  of  increasin,^;  the  ethciency  of  the  Diesel  en.s^ine 
hv  increasing-  the  owj^aMi  content  of  the  cylinder  chare^e  was 
discussed. 

Lisle  *"••'  (1917),  in  an  article  discussing  in  detail  the  *' Sub- 
marine Diesel-Type  Engines  of  the  World's  Xavies,"  accredits 
Germany's  successes  in  commerce  destruction  to  her  command 
of  the  Diesel  engine.  I^he  various  engines  and  their  modes  of 
operation  are  described  with  so  great  detail  and  so  many  illus- 
trations, as  well  as  numerical  data,  that  full  abstracting  is  not 
feasible. 

Genu  any. — The  majority  of  the  German  submarine  engines 
have  been  built  by  Krupps  and  b}'  the  Augsburg  Works  of  the 
Maschinenfabrik-Augsburg-Niirnberg.  The  Krupps  had  developed 
their  two-cycle  engine,  with  its  special  phosphor-bronze  cylinders, 
crankcases,  and  cylinder  heads,  up  to  900  to  1000  brake  horse- 
power on  a  weight  of  18  tons  by  the  latter  part  of  1910.  while  in 
191 7  the  largest  Diesel  engine  in  a  completed  American  sub- 
marine is  only  600  brake  horsepower  (  1 200  brake  horsepower 
for  a  twin-screw  boat).  It  is  not  improbable  that  the  engines 
of  the  latest  German  submarines  are  2000  l^rake  horsepower 
each,  or  4000  brake  horsepower  per  boat,  giving  the  larger  boats 
of  the  U-class  a  speed  of  20  to  31  knots.  Of  late  the  Krupps 
are  devoting  their  attention  to  the  four-cycle  type,  and  are  thus 
able  to  revert  to  cast-iron  construction. 

The  first  set  of  the  Xiirnberg  two-cycle  engines  of  900 
brake  horsepower  at  450  revolutions  per  minute  was  completed 
early  in  191 3,  but  was  not  so  successful  as  the  Krupp  and  Augs- 
burg engines. 

The  Augsburg  four-cycle  engine  is  one  of  the  most  successful 
in  the  German  Xavy.     It  has  a  considerable  overload  capacity. 

Germany  has  ordered  engines  from  the  F.  I.  A.  T.  Company. 

Great  Britain. — Submarine  construction  is  wholly  in  the 
hands  of  Vickers,  Ltd..  and  only  of  late  has  any  information 
been  available.     The  191 2  class  were  said  to  be  1200  tons,  re- 
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quiriiii;  two  1  )icscl  cn<;ines  oi  about  i  joo  brake  horsepower  each. 
'I1ic  latest  cn«;"ines  j^Hve  about  4()()()  l)rake  liorsepower  per  boat 
in  J4  cvbnders. 

Reference''-  (k^ij)  copies  from  the  Xr^c  )'ork  Sun  the 
report  ot  the  recent  successl'nl  trial  of  a  Ji-knot.  5(K)()-in(hcate(l 
horsepower,  steam  turbine-driven   Ih'itish  submarine. 

(Ireat  I  Britain  has  also  ten  small  submarines  recently  built  by 
the  b\)re  River  Shipbuilding;  Com])an\-  and  en^ined  b\-  the  Xew 
London  Ship  and  luigine  Company. 

France/''^ — France  hrst  used  j^asoline  jjower,  then  steam,  later 
Diesel  engines,  then  steam  again,  and  now  both  steam  and  Diesel 
motors.  She  was  the  hrst  to  use  the  Diesel  engine  in  subma- 
rines, and  has  had  exceptional  experience  with  many  types.  She 
has  two  submarines  of  about  5000  indicated  horsepower  in  serv- 
ice. One  (the  Gustave  Zede)  is  a  1000-ton  steam  turbine  boat 
fitted  with  eight  torpedo  tubes.  She  is  swift,  but  her  cruising 
radius  is  only  2300  miles,  or  about  half  that  of  the  modern 
Diesel-engined  submarine. 

The  other  is  a  Diesel-driven  boat  of  1700  tons,  of  a  total 
indicated  horsepower  of  6000  or  4800  brake  horsepower,  wdiich 
should  give  20  knots.  This  is  probably  the  highest-powered 
Diesel-driven  submarine  in  the  world,  and  should  be  the  ideal 
fleet  submarine  sought  by  the  United  States. 

Schneider  &  Co.,  who  build  these  engines,  give  the  follo\ying 
results  of  a  series  of  tests  made  in  19 14  on  eight-cylinder  reversi- 
ble models : 

Tests  of  Schxeider-Diesel  Exgixes. 

Tw  )-cycl  -•  Four-cycle 

Power   developed    1 121  b.h.p.  360  h.p. 

R.  P.  M 404.6  400 

Fuel-oil  per  brake  horsepower  hour   ...  240.7  gr.  (9.2  oz.)  218.5  gr.  (7-5  <)z-) 
Lubricating     oil     per     effective     horse- 
power  hour    8  gr.  (0.2  oz.)  8.8  gr.  (0.3  oz.) 

The  Xormand  engines  use  tar  oils,  mineral  oils,  and  vege- 
table oils. 

The  Sabathe  engines  employ  combustion  at  constant  volume 
and  at  constant  pressure.  The  four-cycle  type  has  a  fuel  con- 
sumption of  178  g.  (6.10  oz.)  of  Russian  residual  oil  per  brake 
horsepower  at  the  normal  running  speed  of  400  revolutions  per 
minute,  a  remarkably  economical  record. 
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iM-.'uice  has  also  used  Xiirn1)cM<;-.  Krupp,  Augsburg,  and  Sulzer 

1  )icscls. 

Holland. — Tlic  design  of  the  engines  lurned  out  by  the 
\\  erkspoor  Company  is  characterized  by  several  radical  depar- 
tures from  ordinary  practice. 

Japan. — Japan's  submarines,  so  far  as  known,  are  installed 
with  Schneider,  Sul/.er,  Vickers,  Krupp.  Thornycroft,  and  F.  I. 
A.  T.  engines,  all  of  the  Diesel  type,  except  the  eight  Thorny- 
croft sets  supplied  ten  years  ago,  which  are  eight-cylinder,  four- 
cycle, gasoline-kerosene  motors,  developing  350  brake  horsepower 
on  kerosene  and  400  brake  horsepower  on  gasoline,  two  engines 
to  a  boat. 

The  highest-powered  foreign  Diesel  engines  used  are  t6- 
cylinder  Schneider  sets  of  iioo  brake  horsepower  per  engine. 
(See  Motorship,  December,  1916.) 

ItaJy. — When  the  war  broke  out  the  F.I.A.T.  Company  had 
just  completed  a  pair  of  engines  of  1300  brake  horsepower  each 
for  a  Laurenti  type  of  700-ton  boat.  They  must  have  given  the 
boat  20  to  22  knots.     These  were  intended  for  Germany. 

Russia. — In  191 3  designs  were  drawn  for  a  very  large  sea- 
going submarine  of  5400  tons  displacement,  430  feet  length,  and 
38  feet  beam.  She  was  to  have  two  Xobel-Diesel  engines,  each 
of  9000  indicated  horsepower,  and  a  surface  speed  of  26  knots. 
Her  armament  was  to  be  30  torpedo  tubes  and  live  14-cm.  quick- 
tiring  guns.  The  author  doubts  whether  her  keel  was  ever  laid. 
Russia  has  bought  of  M.  A.  X.  and  of  Krupps. 

United  States. — The  United  States,  largely  because  of  lack 
of  competition,  has  not  reached  the  stage  in  the  development  of 
the  submarine  already  attained  by  France,  Germany,  England, 
and  Italy,  four  or  five  years  ago.  The  largest  boat  under  con- 
struction is  the  Schley,  iioo  tons  surface  displacement  (1500 
tons  submerged),  to  have  four  loo-brake  horsepower  Xlseco- 
Diesel  engines  giving  a  surface  speed  of  20  knots. 

Shaw  ^^  (1917)  describes  a  Danish  submarine  engine  built 
by  Burmeister  and  Wain  and  not  mentioned  in  the  article  by 
Lisle.  It  is  four-cycle,  with  six  cylinders  of  13-inch  bore  and 
stroke,  and  rated  at  450  brake  horsepower  at  500  revolutions 
per  minute.     The  length  is  14  feet  6  inches  and  height  6  feet 

2  inches.     It  weighs   19,800  pounds,   or  about  44  pounds  per 
brake  horsepower.     Tests  in  competition  with  a  slightly  larger 
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two-cycle  (icrnian  cni^Miie  of  the  same  power  showed  a  fuel  sax  iiij^^ 
of  18  per  cent,  at  lull  power  and  24  |km-  cent,  at  10  knots. 

( i()i  7  )    .\s  an  appendix  to  I. isle's  i)aper  -'•''  Motorship  ^ives 
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the  following  tahle 


Name 


Submakim:  Engines  of  the  World  at  a  Glanci:. 

Piston    Horsc- 
spced     power 
Cyl-  Weight     ptT         per 

Cy-  in-    Bore.    Stroke,   R.  P.   Weight,     per    minute,  cylin- 

Country    clesB.H.P.  ders  inches    inches     M.        tons    B.H.P,       feet        der 


Augsburg Germany. .  4  000 

Busch-Sulzer. .  U.  S.  A. .  .  .  2  600 

Craig U.S.A....  4  3oo 

F.  I.  A.  T Italy 2  1300 

Krupp Germany..  2  1000 

Loire France ....  4  420 

Nlseco U.S.A....  4  600 

Nobel Russia...  4  180 

Nobel Russia.  ...  4  1^00 

Normand France.  ...  4  420 

Niimberg Germany . .  2  900 

Polar Sweden....  4  350 

Sabath^ France ....  4  500 

Sabathe France.  ...  2  700 

Sabath^ France  ....  2  500 

Schneider France  ....  2  2400 

Schneider France ....  2  1 100 

Schneider France  ....  4  360 

Southwark- 

Harris U.S.A....  2  550 

Sulzer Switzerland  2  600 

Vickers England. .  .  4  1800 

Werkspoor.  .  .  .Holland.  .  .  4  550 

Werkspoor.  .  .  .Holland.  .  .  4  450 

Werkspoor ....  Holland ...  4  240 


6 
6 
12 
6 
6 


15.7 
12.2 
12.5 


15-7 
II. 8 
15.0 


13-7 


8.8 

13.0 

12.0 

II.4 

13-75 

12.25 

12.25 

18.5 

13.0 

12.0 

12.0 
12.2 


14.2 


15.7 


II. 8 

14.2 

13.3 

11.75 

13.7s 

15.75 

15.75 


450 
400 
300 
400 

425 
400 
450 
500 
400 
400 
450 
306 
400 
310 
310 


25 

18 


43 

40  i 


I  1775 
786.6 
750.0 

1 1 12. 1 


18.5 

16.75 
14.75 
22.5 

14-75 


30 
99 

172 
60 
72 
66 


98J.3 

946.6 
907.5 
587.5 
916.6 
813.7 
813.7 


14-5 
1 1.0 

14.0 
II. 8 


14.2 


400 
400 

375 
400 
400 
450 
400 
450 


19-5 


80 


966.6 
733-3 

875.0 
786.6 


12 
II 


4-5 


49 
61 

42 


946.6 


150 

100 

50 

217 

166 

70 

75 

30 

200 

70 

1 12 

70 

83 

87 

82 

300 

138 

45 

91 
100 

ISO 
91 

75 


Nimitz  ^^  (1916)  describes  in  considerable  detail  the  three 
types  of  submarine  engines  built  by  the  Germans  just  before 
the  war.     Their  principal  characteristics  are  as  follows : 


Name 

Weight 
per  b.  h.  p. Cycles 

B.  h.  p.    at 

r.  p.  m    Cylird. 

Cylinder 
rs         bore 

Stroke 

Augsburg 

.  .     51  lb.        4 

1000 

450        6 

310-mm. 

420- mm, 

Niirnberg 

.  .      46                  2 

850-1050 

450        8 

310-mm. 

340- mm, 

Krupp 

..45                   2 

900 

450        6 

All  are  single  acting.  The  Augsburg  on  full  load  consumes 
about  200  g.  or  0.44  pound  of  fuel  per  brake  horsepower.  Augs- 
burg and  Krupp  types  are  directly  reversible  by  compressed  air. 
The  Krupp  engine  is  built  almost  entirely  of  bronze,  except  for 
cast-iron  cylinders  and  pistons  and  crank-shafts,  connecting  rods, 
wrist-pins,  and  valves  of  steel.  The  Xiirnberg  housing  is  of 
cast  bronze,  but  the  Augsburg  engine  is  of  iron  and  steel. 

It  is  probable  that  the  power  of  the  Augsburg  and  Krupp 
engines  has  recently  been  increased  by  adding  two  more  working 
cylinders.  This  would  give  the  former  at  least  1350  brake  horse- 
power on  each  shaft  of  a  submarine.     The  Krupp  engine  power 
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could  be  increased  similarl),  l)Ul  il>  leni;lh  would  tlien  be 
excessive.  Niniilz  i^ives  considerable  t'urtber  detail  as  tu  the 
arraui^einent,  etc..  of  these  en<;ines. 

rik'  modern  submarine  is  usually  driven  by  twin  screws,  and 
for  surface  propulsion  depends  on  Diesel  engines,  one  or  more 
on  each  shaft.  (lermany's  Unv^  e.\j)erience  with  this  type  of  en- 
i;ine  has  given  her  the  lead  in  the  construction  of  submarine 
engines,  and  upon  this  has  rested  her  success  in  the  submarine 
service. 

.\  reliable  engine  is  the  heart  of  the  submarine  problem. 
Upon  it  rests  the  endurance  of  the  crew  and  the  whole  success 
of  the  boat.  No  perfection  of  other  details  can  compensate 
defects  there.  This  surface  motive  power  is  also  the  weakest 
point  in  the  submarine.  Increase  in  size  and  tonnage  and  in 
the  demand  for  higher  speeds  has  comphcated  the  matter  fur- 
ther, and  the  last,  particularly,  has  led  to  many  failures  of  engines 
and  hence  of  submarines.  This  factor  has  been  at  the  root  of  the 
apparent  failures  of  American  submarines. 

The  endurance  of  the  submarine  is  measured  by  four  things : 
endurance  of  the  main  engines,  fuel  and  lubricating  oil  supply, 
storage  battery  water  supply,  and  endurance  of  the  crew,  of 
which  the  first  and  last  come  back  to  the  reliability  of  the  engine. 

The  engine  is  also  the  determining  factor  in  the  time  neces- 
sary for  building  a  submarine. 

Berggeen  ^^  (1916)  mentions  briefly  the  soda  boiler,  accred- 
iting it  to  d'Equevilley,  a  French  engineer,  and  states  that  it  is 
bulky  and  that  its  centre  of  gravity  is  high,  but  that  the  principle 
seems  the  best  yet  proposed.  He  also  mentions  briefly  the  char- 
acteristics of  the  Niirnberg,  Fiat,  Sulzer,  and  Polar-Diesel  sub- 
marine engines. 

Lisle  *'^  (1916)  describes  in  detail  the  design  of  the  Craig- 
Diesel  four-cycle  engine  for  submarines.  This  has  been  installed, 
so  far,  only  in  a  modified  form  in  two  boats  in  which  it  was 
necessary  tO'  replace  Vickers  engines.  Great  claims  are  made 
for  the  type. 

Palmer  ^^  (1916)  discusses  the  type  of  Diesel  motors  in- 
stalled on  the  Deutscliland.  H.  Kleis,  chief  engineer  of  the  boat, 
told  the  author,  "The  Dcutschland  is  fitted  wdth  two  six-cylinder, 
four-cycle  Krupp  motors  developing  600  brake  horsepower  each 
at  380  revolutions."     They  are  smaller  than  the  regular  Krupp 
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siihniarine  enj^^iiie,  which  develops  from  I2{X)  to  1500  brake 
horsepower  ])er  unit  at  500  revohitions.  The  motors  are  of 
steel  aiul  iron  instead  of  the  special  Krnpp  bronze  C(-)nstriiction. 
Steel  is  used  in  the  cylinder  head  and  crank-case,  and  the  cylin- 
ders are.  as  usual,  of  cast  iron,  with  removable  linings  of  the 
same  metal.  I\ruj)p  has  retained  bronze  constructic^n  in  the  two- 
cycle  motor,  but  no  longer  uses  it  in  the  four-cycle.  The  Dcutsch- 
laud's  engines  performed  admirably,  with  absolutely  no  cracked 
pistons  nor  cylinder  trouble.  The  longest  non-stop  run  was 
245  hours,  and  on  the  first  round  trip  the  engines  turned  over 
1  1.000,000  times.  Kleis  gave  further  cylinder  and  stroke  dimen- 
sions, but  these  are  doubted  by  Palmer  as  inconsistent  with  the 
accredited  horsepower,  etc. 

J.  L.  Bogert,  in  commenting  on  Palmer's  article,  states  that 
the  standard  Cierman  submarine  is  believed  to  be  800  tons  dis- 
placement (the  Dciitschland  is  not  less  than  2000.  according  to 
the  cargo  she  carries)  and  capable  of  17  knots  an  hour  under  the 
"full  power  impulse  of  her  Krupp  850-brake  horsepower,  twin 
six-cylinder  Diesel  engines."  From  this  he  deduces  the  probable 
cylinder  dimensions  of  the  Dciitschland. 

\\'entworth '''^  (  1916)  presents  for  criticism  and  as  a  basis 
for  further  work  the  design  (in  14  plates)  of  a  light,  reliable 
engine  suitable  for  submarines,  giving  data  and  substantiating 
reasons  for  the  special  points  involved.  His  engine,  for  which 
full  data  and  drawings  are  given,  is  four-cycle,  which  he  regards 
as  superior  because  of  the  greater  variability  in  speed  possible, 
greater  simplicity,  and  at  least  one-tenth  higher  efficiency.  It 
fulfils  the  following  conditions  : 

Feet  Inches 

B.  H.  P.  per  engine 450 

Revolutions 450 

Length  over  all  not  to  exceed 14  9 

Width  not  to  exceed  3  8 

Height  above  centre  of  shaft  not  to  exceed  ...  6  o 

Distance  below 22, 

Weight  not  to  exceed   26,000  lb. 

The  specific  points  of  the  design  and  the  factors  affecting 
each  are  discussed  in  detail,  with  particular  reference  to  revers- 
ing, fuel  and  fuel  feed,  starting,  compression,  cylinder  tempera- 
ture, speed  variation,  fuels.    Comparisons  with  ordinary  practice 

are  given. 
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Ivohinsdii  "  (  i(ji5)  oulliiR's  the  principle  of  operation  of  the 
JJie.scl  enj^inc,  (juotin^^  from  Milton  (British  Institute  of  Naval 
Archil  Cits,  April,  19 14). 

Sf()rii(/c  Hdttcrics. — Berlinj^  """'  (1916)  states  that  the  modern 
lead  storage  battery  has  a  life  of  about  400  charges,  which  means 
for  the  average  submarine,  making  practice  runs,  a  life  of  from 
five  to  six  years.  The  most  recent,  with  a  3J/^-hour  discharge 
rate,  weigh  about  35.5  kg.  (78.3  pounds)  per  horsepower  hour 
delivered.  The  electric  motors,  including  all  wiring  and  control 
api)aratus.  weigh  about  60  kg.  (132.5  pounds)  per  horsepower 
hour  at  the  same  rate  of  discharge,  or  the  total  w^eight  for  the 
electric  propulsion  is  214  kg.  (472  pounds)  per  horsepower  hour. 

He  gives  a  table  comparing  capacity  and  other  characteristics 
of  the  lead  and  Edison  batteries. 

Arnold's  ^^  (1912)  article  is  a  repetition  and  extension  of 
a  publication  by  Bezzi  and  Bartoli  in  the  Revista  Marittima  for 
January,  191 2,  on  the  use  of  electricity  in  submarines. 

The  reasons  for  adopting  accumulators  for  submerged  pro- 
pulsion are  discussed. 

The  powder  of  various  batteries  is  shown  by  tables : 

Power  of  Power  of         Capacity  of 

Type  of  Displacement,       motors,  battery,  batteries, 

submarine  tons  horsepower  kilowatts      kilowatt-hours 

Hoalen   (Swedish)    250  220  180  540 

Velella  (Italian)    300  300  246  738 

Trasher  (United  States)  . .  450  415  340  1020 

Mariotte   (French)    1000  800  650  1950 

The  types  of  batteries  are  compared  as  follows : 

Per  kilowatt-  hour  on  three-hour  discharge 
Weight,        Volume,        Price,       Discharges  before 
Type  kilcgrammes    cu.  dcm.       marks  wearing  out 

I.  Lead,  positive  Plante  plate  73.5  2>7  156  250 

11.  Lead,  positive  pasted  plate  62.0  24  160  200 

III.  Same  of  greater  capacity  . .  56.0  19  152  150 

IV.  Iron-nickel,  Edison  42.0  18  270  400 

V.  Same,  Jugner    430  20  270  400 

This  makes  the  cost  for  average  kilowatt-hour  in  marks : 

1 0.62 

II 0.80 

III lOI 

IV 0.68 

V 0.68 
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'llic  voltage  generally  used  now  is  1 10  or  jjo,  though  voltages 
of  440  have  heen  employed  in  the  past. 

The  precautions  of  insulation  and  ventilation  necessarx  lo 
safety  are  mentioned. 

The  characteristics  of  oj^eration  and  advantages  of  the  lead 
and  Edison  batteries  are  compared  graphically  and  <)ther\vise. 

The  motors  serve  as  generators  in  charging  the  batteries. 
The  points  of  importance  in  their  choice  and  method  of  regu- 
lation are  discussed  rather  fully. 

Hoar  •'•'  (  1916)  describes  the  make-up  and  nature  of  the 
plates  used  in  submarine  storage  batteries.  Only  lead  batteries 
have  been  employed  up  to  the  present  time.  The  three  forms 
used  are  the  Plante,  pasted  plate,  and  ironclad  plate. 

One  or  two  boats  have  been  recently  fitted  with  Edison  bat- 
teries. 

The  lead  l^attery  is  objectionable  because  of  its  weight,  nearly 
59  tons,  the  space  which  it  occupies,  and  the  poisonous  and  ex- 
plosive gases  it  generates,  and  because  of  the  acid  electrolyte, 
which  is  liable  to  slopping  over  and  will  then  attack  the  hull. 

The  Edison  battery  avoids  only  the  danger  of  chlorine  gas 
and  leaking  acid.  At  the  three-hour  rate  of  discharge  it  gives 
only  I.I  to  1.2  volts,  compared  with  1.83  volts  for  the  lead 
battery,  and  consequently  the  number  of  cells  used  must  l^e  60 
per  cent,  greater.  The  weight  is  higher  also.  The  Edison  bat- 
tery is  more  costly,  but  has  a  much  longer  life  than  the  lead 
battery. 

Robinson  ^^  (1915)  gives  very  much  the  same  data  as 
Hoar,^'  describing  the  make-up  of  the  plates  used  in  the  storage 
batteries.  The  voltage  of  the  lead  battery  at  the  three-hour  rate 
of  discharge  is  about  1.84  volts,  compared  with  1.2  volts  for 
the  Edison.  Hence  for  the  same  average  total  voltage,  192  of 
the  latter  cells  should  be  required  in  place  of  120  of  the  former. 
The  Edison  battery  is  the  more  bulky  and  heavy  for  the  same 
power.  The  life  is  longer,  though  a  nearly  equal  life  is  now 
claimed  for  the  ironclad  battery,  but  the  cost  is  far  greater. 

Lake  ^  barely  mentions  the  batteries.  He  states  that  two 
tyi>es,  the  Plante  all-lead,  and  another  with  pasted  lead  plates, 
are  employed  in  submarines.  Both  use  sulphuric  acid  and  require 
ventilation  during  charging,  as  does  also  the  recently  announced 
Edison  submarine  battery.     The  last  is  said  not  to  give  off  chlo- 
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riiK-  or  any  other  jxn'sonous  ^:is  wIkmi  salt  water  ^ets  into  the 
batteries,  an  aceident  tliat  has  eaused  the  loss  of  S(jme  lives  in 
the  past.     Diai^n'ams  are  i^iven  of  the  easin<^-  and  ventilatini^-  cover. 

III.     ARMAMENT. 

Torpiulocs. — The  effectiveness  of  tlie  Whitehead  torpedo  and 
the  difticulties  to  which  it  is  subject  are  mentioned  at  some 
lenj^th  by  Biles  ^"""^  (i(;i4).  In  the  Rus.so-Jaj)anese  War  only 
5)/>  per  cent,  were  effective  hits,  and  no  ship  was  sunk  immedi- 
ately by  a  single  torpedo.  There  were  only  2  per  cent,  effective 
hits  on  moving  ships. 

The  torpedo  is  a  very  close  range  weapon  and  should  be  used 
w^ithin  400  yards.     Speed  is  the  battleship's  best  defence. 

Special  forms  of  armor  are  suggested.  But  fleets  of  small 
rapid  boats  are  suggested  as  the  most  effective  protection. 

Dumas  *^^  (1915)  describes  in  detail,  with  13  illustrations,  the 
mechanism  and  use  of  the  Whitehead  automobile  torpedo,  in- 
troducing his  paper  by  a  brief  history. 

He  points  out  that  the  torpedo  is  peculiarly  the  weapon  of 
the  submarine  because  of  the  latter's  ability  to  get  within  the 
very  short  range  (800  to  900  metres)  necessary,  before  detec- 
tion. Although  most  of  the  battleships  destroyed  in  this  war 
have  been  sunk  by  torpedoes,  yet  at  the  battle  of  Heligoland 
many  torpedoes  were  launched  by  both  German  and  English  ships 
without  any  of  them  taking  effect. 

The  first  Whitehead  torpedoes  were  356  millimetres  in  diam- 
eter, 4.42  metres  long,  weighed  272.9  kilogrammes,  and  carried 
a  charge  of  18  kilogrammes  of  gun-cotton.  Their  range  was  400 
metres  at  20  knots  or  37  kilometres  per  hour.  Modern  torpedoes 
are  generally  0.450  metres  in  diameter,  as  long  as  6.6  metres, 
weigh  70  kilogrammes,  and  carry  a  charge  of  100  kilogrammes. 
Their  range  is  1000  metres  at  43  knots  or  8000  to  9000  metres 
at  28  knots.  Some  navies  use  torpedoes  of  500  and  533  milli- 
metres diameter,  carrying  150  kilogrammes  or  even  more  of 
explosive. 

The  Whitehead  torpedo,  in  its  various  modifications,  is  the 
one  almost  exclusively  employed,  although  the  United  States 
Navy  also  uses  the  Howell  torpedo. 

The  arrangement  and  operation  of  the  Whitehead  torpedo  are 
given  in  considerable  detail.     It  is  propelled  by  compressed  air» 
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under  S;  to  150  kil()<j^raniines,  whose  temperature  durinji^  expan- 
sion is  maintained  by  the  l)urnin<^  of  ^asohne.  Mxcessive  tem- 
perature^ are  prevented  l)y  the  injection  of  a  spray  of  water. 
h'urther  details  are  ^iven  in  the  original.  'Idie  motor  is  of  the 
Brotherhood  type  and  has  four  cyhnders. 

The  rej^ulatiui^  and  (hrecting  devices,  propellor.  stabihzing 
gyroscope,  etc.,  are  fully  descril^ed. 

The  torpedo  generally  runs  at  a  depth  of  3  metres,  but  can 
be  regulated  for  much  smaller  depths.  The  (ierman>  have  used 
one  running  at  less  than  1.60  metres. 

The  launching  tube  is  shown  and  its  operation  explained. 

Michelson""  (1913)  descril^es  and  shows  the  construction 
and  operation  of  the  Whitehead  torpedo,  which,  he  states,  is 
used  internationally.  The  charges  of  explosive  n(nv  used  are 
from  120  to  150  kilogrammes.  Picric  acid  and  trinitrotoluene 
are  the  most  commonly  used. 

The  English  55.3-cm.  torpedo  will  run  10,000  to  i  i.ooo  yards. 
Its  effective  range  is  probablv  only  6000  metres.  The  motive 
power  is  compressed  air.  Gasoline  can  be  used,  but  is  apparently 
not  advantageous.  The  article  gives  details  of  construction  and 
of  progress  in  efficiency  since  the  early  types. 

The  depth  variation  in  the  course  of  the  torpedo  is  very  slight 
— only  a  few  centimetres — but  its  sidewise  variation  is  about  one 
per  cent,  of  the  distance  run. 

The  Davis  torpedo  differs  only  in  its  head,  which  is  such  as 
to  cause  the  force  of  the  explosion  to  be  expended  within  the 
hull  of  the  vessel  attacked.  It  follows  in  its  course  the  line  of 
the  tube  from  which  it  is  tired. 

^lodern  French  submarines  already  carry  seven  tubes. 

In  the  discussion  it  was  brought  out  that  torpedoes  similar 
to  the  Whitehead  are  manufactured  by  Schwartzkopft'  in  Ger- 
many, and  the  German  marine  has  also  developed  a  slightly  dif- 
ferent and  much  improved  type. 

The  gyroscoj^e  and  heating  apparatus  are  especially  impor- 
tant to  further  development. 

Reference'^  (1913)  gives  a  detailed  description,  of  the 
mechanism,  method  of  operation,  method  of  firing,  and  use  of 
the  torpedo.  The  air  heater  is  described.  Pictures  are  shown 
of  parts,  etc.,  of  the  \\'hitehead,  Schneider,  and  Woolwich  types 
of  torpedoes.     The  article  is  a  good  condensed  statement. 
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1  U'in/  '■-*  (  ]C)OC))  ^ocs  into  <:j;reat  detail  over  the  heatinj^^  of  the 
propelling  air  in  the  automobile  torpedo.  lie  <(ives  the  history 
oi  this  development,  with  details  of  its  application,  cuts  of  ap- 
paratus, etc.,  in  different  systems,  and  comparison  of  the  result- 
in<^^  etViciencies  of  the  torpedo. 

Bernotti  '■'  ( 1913)  solves  mathematically  the  problem  of  aim- 
m^  torpedoes  both  for  single  and  broadside  firing. 

Pramer""*  (1914)  treats  of  the  torpedo  and  its  use  in  war 
in  an  article  of  146  pages,  illustrated  with  diagrams.  He  points 
out  in  the  beginning  that,  because  of  its  recent  and  extremely 
rapid  development,  the  effectiveness  of  the  torpedo  has  never 
been  thoroughly  tested.  All  practicable  tests  outside  of  actual 
warfare  are  entirely  inadequate.  Recent  improvements,  particu- 
larly in  regard  to  range,  velocity,  steering,  and  weight  of  explo- 
sive charge,  have  been  very  great. 

He  then  describes  the  status  of  the  arm  in  the  summer  of 
191 3.  It  is  impossible  to  review  the  different  types  of  torpedoes. 
Each  navy  keeps  its  own  construction,  the  outcome  of  experience, 
secret.    Published  data  are  very  scanty. 

The  Whitehead  torpedo  made  at  Fiume,  w'as  operated  by 
unheated  compressed  air  at  an  initial  pressure  of  150  atmospheres. 
It  was  of  45  centimetres  calibre,  2^  metres  length,  carried  90 
to  100  kilogrammes  of  explosive,  and  had  a  maximum  range  of 
3000  metres  at  a  velocity  of  about  2^  to  24  nautical  miles  per 
hour  at  a  depth  of  three  metres.  For  1000  metres  it  had  a 
velocity  of  34  miles  per  hour.  Heating  the  propelling  air  in- 
creased the  range  to  1500  metres  at  40  miles  per  hour,  or  6000 
metres  at  28  miles  per  hour.  This  improvement  in  the  propul- 
sion made  possible  an  increase  of  calibre.  England  and  Germany 
increased  to  53  centimetres  and  France  to  60  centimetres. 

The  modern  English  Hardcastle  torpedo,  which  was  brought 
out  about  two  years  ago,  is  another  advance,  whose  improvement 
is  made  possible  by  increase  in  length.  Its  range  is  9000  metres 
at  30  nautical  miles  per  hour,  or  1000  metres  at  45  miles  per 
hour,  and  it  carries  130  kilogrammes  of  explosive.  It  is  re- 
ported that  the  most  recent  modification  of  this  torpedo  has  a 
range  of  9900  metres  at  30  to  40  miles  and  carries  150  kilo- 
grammes of  explosive. 

The  German  product  has  already  attained,  in  the  60-cm.  tor- 
pedo of  nine  metres  length,  a  sufficient  speed  for  12,000  metres. 
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and  for  looniclro  runs  at  5J  nautical  miles  i)€r  hour.  The  lieal- 
inj;  device  has  been  improved,  probably  by  addition  of  an  owj^^en 
cartridge,  so  that  the  t"uel  is  fully  utilized. 

The  American  5^^-cni.  l()ri)edc)  with  a  hot-air  turbine  drive 
should  g;ive  great  economy  at  high  speed,  but  is  not  reported  to 
be  very  satisfactory.  It  stands  far  below  the  luiglish  and  (ier- 
nian.  It  carries  145  kilogrammes  of  explosive  and  has  a  velocity 
of  40  nautical  miles  for  1500  metres,  30  miles  for  4000  metres, 
and  25  miles  for  5000  metres. 

(^f  torpedoes  with  explosion-motor  drive,  the  technical  press 
reports  that  Japan  has  one  of  60-cm.  calibre,  with  a  gasoline 
motor  and  a  range  of  12,000  (?)  metres  at  about  30  nautical 
miles  per  hour. 

The  torpedoes  of  the  Fi^ench  marine,  like  the  Whitehead  tor- 
pedo, have  ranges  of  1000,  2000,  and  3000  metres  at  40,  34,  and 

29  nautical  miles  respectively.  The  straying  of  the  Whitehead 
was  less,  being  0.6  per  cent,  at  1000  metres,  0.75  per  cent,  at 
2000  metres,  and  0.83  per  cent,  at  3000  metres,  against  i  per 
cent,  of  the  distance  passed  over  for  the  French  torpedo. 

The  French  use  two  types,  one  for  long  range  with  light 
machinery,  large  air  flask,  and  not  very  high  speed,  the  other 
for  high  speed.  The  first  goes  8000  metres  at  28  to  30  nautical 
miles  per  hour. 

England  and  Germany  use  one  type,  with  the  highest  speed 
possible  with  high  explosive  charge. 

The  Davis  torpedo,  an  American  type,  is  designed  to  break 
its  way  through  protecting  nets  by  means  of  the  explosion  of  a 
small  charge,  without  afTecting  the  main  charge  of  explosive. 

The  use  of  the  gyroscope  marked  a  great  improvement  in 
the  torpedo.  Without  it  constancy  of  direction  could  be  obtained 
for  about  three  minutes,  sufficient  for  the  range  of  the  torpedo, 
without  heating  apparatus  or  steam  injection,  at  a  velocity  of  25 
nautical  miles  per  hour.  With  range  extended  to  5000  metres  a 
better  direction  regulator  became  necessary. 

A  seven-minute  constancy  is  necessary  for  6000  metres  at 

30  miles.  For  torpedoes  of  over  6000  metres  range  the  English 
and  German  navies  use  an  electrically-driven  directing  apparatus. 

Recently  a  new  gyroscope  has  made  possible  launching  from 
a  tube  at  an  angle  with  the  course  of  the  torpedo.  It  makes  pos- 
sible the  use  of  fixed  tubes  placed  to  good  advantage  in  the  boat. 
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Tlic  explosive  moslly  used  is  wel  ji^un-cotton,  as  this  has  the 
most  I'avorahlc  properties  in  regard  to  lack  of  sensitiveness  to- 
ward jar  and  temperature  ehan^^e,  stability,  etc. 

Forty-five-centimetre  torpedoes  take  93  kilogrammes  and  53- 
cni.  I  13.5  kilogrammes  of  expk)sive. 

The  modern  torpedo  explodes,  whatever  the  angle  at  which 
it  hits  its  target. 

The  latest  Whitehead  torpedoes  had  in  the  s])ring  c)i  1013  the 
following  characteristics : 


Calibre, 
centimetres 

Range, 
metres 

Speed, 
nautical  miles 
per  hour 

Lateral  deviation  at 
fixed  target, 
metres 

Maximum 
range,  metres 

45 

1500 
6000 

at 
at 

40 
27 

53 

3000 

at 

38 

20 

5000 

at 

31 

50 

7000 

45 

2000 
6000 

at 
at 

44.6    1 
30.3     ( 

(Two-cylinder 

motor) 

The  total  deviation  at  2000  metres  was  about  half  the  length 
of  a  modern  ship  going  at  a  speed  of  18  nautical  miles  per  hour. 
In  hot-air  torpedoes  a  velocity  variation  of  1.5  nautical  miles  was 
tolerated,  or,  including  the  lateral  deviation,  a  total  of  about  two 
nautical  miles  per  hour.  A  torpedo  with  a  velocity  of  40  miles 
goes  about  2000  metres  in  about  100  seconds.  A  variation  of  two 
miles  per  hour  equals  a  variation  of  100  metres  in  the  time  that 
a  boat  travelling  at  18  nautical  miles  would  move  45  metres. 
This  makes  the  extreme  range  under  these  conditions  2000 
metres  when  all  is  favorable. 

Pramer  goes  into  the  details  of  the  methods  of  using  the 
torpedo  as  a  \veapon  in  Avar,  at  very  great  length.  (He  con- 
siders the  principles  and  mathematics  of  range  finding  and  aim- 
ing, and  illustrates  with  many  diagrams.)  His  chapters  are 
headed : 

11.  Launching  in  General  Without  Consideration  of  Tacti- 
cal factors. 

III.  The  Target. 

IV.  The  Torpedo  Carrier. 
v.  Short-range  Use. 

VI.  Long-range  Use. 
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Rcfcronco '•'  (Kjij)  closcrihos  with  illiislrati(»ns  tlu'  I  )avis 
tcnjK'do.  This  incliulos.  witliin  the  hniils  of  an  iS-nuli  5-inctrc 
tDrpodo,  a  i;iin  of  S-inch  cahhrc,  ririn<;  an  explosive  shell  of  J15 
pcninds  with  an  increase  in  weij^ht  sli<;htlv  less  than  an  anj^^- 
nieiited  charj^e  of  «;un-C(ntt)n.  This  projectile  has  a  muzzle 
velocity  of  1000  foot-secc^nds.  It  is  capable  of  jKinetratin^  4-  or 
5-inch  armor  plate  of  hardened  steel.  So  far  as  known,  the 
bulkhead  defence  a<;"ainst  torpedoes  of  none  of  the  battleships 
built  to  date  is  thicker  than  1.77  inches,  and  the  average  is  1.5 
inches. 

Ver^i^nier  "^''  (iQii)  describes  the  construction  and  testing;  of 
the  three  types  of  Schneider  torpedo  which  are  used  bv  the 
French  Xavy.  Tn  addi:i(ni  to  the  usual  details,  he  mentions  that 
the  temperature  in  the  cylinders  of  the  motor  does  not  exceed 
200°  since  the  injection  of  water  has  been  employed. 

The  testing  station  at  TTyeres  is  described  in  detail. 

Gray""  (191 4)  gives  the  fundamental  mechanics  underly- 
ing the  behavior  of  the  gyroscoj^e,  and  simple  illustrations  of  its 
action  when  applied  to  various  devices. 

Gray '^  (1914)  gives  the  simple  principles  for  the  applica- 
tion of  the  gyrostat  to  controls  for  torpedoes,  submarines,  etc. 
He  analyzes  the  forces  involved  and  gives  graphic  illustrations, 
and  mentions  the  possibility  of  further  use  in  very  high  speed, 
long-distance  torpedoes. 

Biles  ^^  suggests  the  possibility  of  protecting  battleships  from 
submarine  attack  by  armor  plate  four  inches  thick  on  the  bottom. 
This  would  reduce  the  speed  about  two  knots.  In  the  discussion 
a  number  of  points  are  brought  out. 

Guns. — Schiffbau ''^  (1913)  states  that  the  Krupp  light  gun 
e(|uipment  consists  of  the  3.7-cm.  gun  with  total  weight  of  26^ 
kilogrammes.  The  heavy  equipment  consists  of  a  7.5-cm.  gun 
W'ith  a  total  weight  of  860  kilogrammes.  Both  are  so  mounted 
that  they  can  be  closed  down  into  the  space  between  the  deck 
and  the  hull.  They  require  the  service  of  two  or  three  men  each. 
Details  of  mounting  are  given.  The  guns  are  made  of  high-per- 
centage nickel-steel  to  resist  corrosion,  since  the  compartment  is 
not  water  tight. 

Reference  ^^  (1914)  describes  with  illustrations  the  two 
types  of  Krupp  guns  carried  on  submarines — the  disappearing 


2i)l>  IIklkn     k.     IIOSMKU.  [JF.  T. 

and  i1k'  iK'rnianonll\-  niDuntod.  Tlio  latter  must  be  small  (37 
mm.)  to  avoid  hi<;]i  resistance,  lioth  are  made  of  non-rustin*^ 
nickel-steel.  The  larger  s^nn  is  a  short,  jxnverful  u-pounder  of 
75-mm.  calibre,  capable  of  sinking-  a  torpedo  boat,  and  it  can  be 
tired  verticall\  at  an  airship.  'This  gun  can  be  raised  and  Hred 
in  20  seconds. 

Rernay  '"  (  1()1j)  states  that  the  recent  800-ton  Cicrnian  and 
English  submarines  are  provided  with  88-  and  75-mm.  guns 
respectively. 

IV.    SPECIAL    EQUIPMENT. 

Periscope. — Lake  •'''  (1915-16)  mentions  briefly  the  charac- 
teristics of  the  periscope,  and  says  that  the  instrument  giving  nor- 
mal image  and  a  correct  idea  of  distance  dates  from  1900.  He 
intends  to  describe  in  a  later  article  a  device  which  he  believes 
can  be  used  at  night  when  the  present  instrument  is  useless.  He 
states  that  periscopes  are  now  so  made  that  the  heavens  as  well 
as  the  horizon  may  be  viewed. 

Weidert^^  (1914)  takes  up  at  great  length  the  construction 
and  development  of  the  periscope.  The  year  1906  brought  such 
improvements  in  this  instrument,  as  well  as  in  other  details  of 
the  submarine,  that  a  great  many  of  the  previously  insurmount- 
able obstacles  were  overcome.  Extensions  of  the  field  of  vision, 
sharpness  and  brightness  of  the  image,  ease  of  observation,  and 
the  development  of  means  of  measuring  the  distance,  marked 
that  year.  Mechanical-  improvements,  such  as  the  extending  and 
withdrawing  of  the  periscope,  have  followed.  \\^hile  all  the  early 
patents  originated  outside  Germany,  the  modern  construction  is 
almost  wholly  covered  by  that  country's  patents. 

The  author  reviews  and  describes  the  patents  and  develop- 
ments from  the  earliest  forms  down  to  the  complicated  instru- 
ments of  the  present,  with  their  many  optical  improvements  and 
attachments.  The  material  is  too  detailed  and  specific  to  abstract, 
and  is  also  well  illustrated. 

Reference^-  (1916)  describes  the  recently  patented  Parodi 
periscope. 

Submarine  Signalling. — Fay^^  (191 7)  describes  the  work  of 
the  Submarine  Signal  Company  in  developing  means  for  signal- 
ling under  water.     Bells  were  used  at  first  for  the  signalling  in- 
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striiiiicnt.  and  the  sij;nals  wore  rocci\cHl  by  microphones  installed 
in  tanks  tilled  with  water,  mounted  on  the  ship's  plates,  one  on 
each  side  of  the  boat.  The  microphone  on  each  side  was  con- 
nected to  a  separate  telephone  receiver,  so  that  comparison  of  the 
intensities  served  to  f^^ive  the  direction  of  the  sound  received.  In 
this  form  the  apparatus  was  ideal  as  a  fo<^  sij^nal,  and  was  used  to 
some  extent  for  sending  messages. 

Introduction  of  the  L^ssenden  oscillator  has  now  produced  a 
great  advance,  as  it  is  more  powerful  and  uK^re  ra]>id.  and  serves 
as  both  transmitter  and  receiver  oi  signals.  This  oscillator  is 
similar  in  principle  to  the  telephone  receiver,  but  magnified  about 
200  times.  The  diaphragm,  24  inches  in  diameter  and  several 
inches  thick,  is  placed  in  contact  with  the  water,  to  which  it 
transmits  its  vibrations  just  as  the  telephone  diaphragm  does 
to  air.  The  greater  amount  of  energy  required  to  make  so  heavy 
a  diaphragm  vibrate  is  supplied  l)y  a  powerful  electromagnet. 
The  field  magnets  employed  are  energized  by  a  direct  current  of 
7.5  amperes  and  the  diaphragm  is  set  in  motion  by  a  current  of 
1 1  amperes  at  180  volts  on  the  windings  oi  the  core.  The  details 
of  construction  are  given  in  full  with  a  cut. 

The  oscillator  operates  at  a  frequency  of  540  cycles  per  sec- 
ond. In  receiving  it  is  also  affected  by  outside  noises  from 
waves,  etc.  Its  maximum  range  of  signalling  is  about  30  miles, 
and  the  average  5  to  10  miles.  Signals  are  frequently  sent  at 
20  words  per  minute. 

The  dimensions  of  the  oscillator  are  about  30  x  16  inches, 
and  its  weight  is  about  1  joo  pounds.  It  is  used  in  pairs,  similarly 
to  the  microphone,  and  in  submarines  is  placed  in  the  forward 
ballast  tanks,  one  on  each  side,  low  enough  down  so  that  signals 
can  be  sent  and  received  when  on  the  surface. 

On  ships  the  best  position  varies,  but  is  about  15  feet  below 
the  w-ater-line  and  not  too  near  the  keel.  The  microphones  must 
also  be  near  enough  to  the  bow  so  that  they  face  slightly  forward. 

At  present  the  face  of  the  diaphragm  is  so  mounted  as  to  form 
a  part  of  the  skin  of  the  ship.  The  method  of  accomplishing  this 
is  shown  by  diagram,  and  cuts  are  given  of  the  electrical  appa- 
ratus required. 

Perkins  ^^  (1914)  gives  a  general  review  of  the  subject  of 
submarine  signalling  bv  means  of  gasoline,  electric,  pneumatic. 
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and  hand  devices,  witli  cnls.  It  is  claimed  that  these  methods  of 
sii;nalhn5;'  can  he  used  to  ^uide  shi])s  into  harl)or,  to  cnahle  i'lsh- 
inj;"  dories  to  return  to  their  ships,  to  enahle  sulnnarines  to  man- 
anivre  in  llotilla.  to  make  navii^ation  in  fo^s  safe,  etc.  The 
United  States  suhmarine  Oclopns  was  saved  frotii  cohision  with 
a  tow  hue.  while  runnini;  a  suhmerged  test,  hy  such  a  signal  from 
her  tender. 

Signals  hy  hells  are  said  to  have  ])ecn  heard  27  miles.  Such 
bells  are  used  for  guiding  ships  in  fogs  in  the  English  Channel, 
and  Irish  and  North  seas.  The  signals  are  given  by  bells  hung 
on  tripi^ds  at  the  bottom  of  the  sea  and  rung  electrically  from 
shore.  Ihiovs  with  bells  rung  by  the  wave  motion  are  used 
similarly. 

The  receiving  apparatus  for  such  signals  consists  of  micro- 
phones attached  to  telephone  receivers.  The  microphones,  ar- 
ranged in  pairs,  one  on  either  side  of  the  ship,  are  immersed  in 
tanks  containing  water.  These  tanks  are  16  x  16  inches  or  18 
X  12  inches  on  the  surface,  and  are  attached  two-thirds  of  the 
distance  from  the  water-line  to  the  keel.  Pneumatic  and  electric 
bells  are  used  for  signalling.  The  sound  passes  through  the  skin 
of  the  ship  to  the  water  in  the  microphone  tank,  which  is  not  in 
direct  communication  with  the  outside  water.  The  sounds  from 
port  and  starboard  microphones  are  transmitted  separately  to  the 
pilot,  who  by  comparing  the  loudness  can  swing  the  boat  until  the 
intensities  are  equal,  when  it  will  be  headed  directly  tow-ard  the 
sound.  The  article  is  confused  in  expression  and  gives  consid- 
erable trivial  detail,  such  as  total  weights  and  overall  dimensions 
of  the  signalling  apparatus,  etc.,  for  different  purposes. 

Carter  ^^  (1914)  gives  a  brief  general  account  of  the  method 
of  signalling  under  water.  He  speaks  of  Fessenden's  oscillator 
and  Berger's  vibrating  steel  ribbon.  He  considers  the  problem 
as  promising,  but  still  in  the  very  primitive  stage.  The  part  so 
far  taken  by  the  Submarine  Bell  Company  of  Boston  is  mentioned. 

Cathcart  ^^  (1914)  mentions  the  uncertainty  of  most  forms 
of  signalling  during  fog,  and  contrasts  the  variability  of  the  air 
as  a  method  of  transmitting  with  the  constancy  of  condition  of 
the  water.  He  says  that  the  bell-signalling  outfit  of  the  Sub- 
marine Signal  Company  is  now  installed  on  about  1225  ships. 
The  bells  send  out  a  sound  of  about  1200  vibrations  per  second. 
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which  is  (listiiKiivo  anionp^  tlic  low -piulu'd  ikmscs  of  the  ship, 
lie  i;ivcs  Professor  I'essenden  s  own  (leserii)tioii  of  his  oscil- 
lator, with  illustraticMis.  At  a  fre(|iiency  of  5(>()  ])er  scc-oiid  this 
ilclixers  ^^5  kilowatts  of  mechanical  i)owcr  to  the  water  at  an 
elViciency  oi  over  ()0  per  cent.  Signals  can  he  sent  1)\  code  and 
have  heen  read  at  a  distance  oi  30  niile>  with  the  receiver  a 
iooi  from  the  ear,  when  nsing  only  10  per  cent,  of  the  fnll  power 
oi  the  oscillator.  Preliminary  tests  on  sonnd  rellection  from  ice- 
hergs  and  from  the  bottom  are  mentioned. 

Blake'''  (1914)  mentions  briefly  the  advantage  of  sulimarine 
signals  over  other  types.  T^ven  wireless  does  not  indicate  direc- 
tion. Submarine  methods  do  this,  but  the  bell  and  microphone 
method  have  various  objections,  such  as  slow  rate,  etc.  Many 
of  these  are  overcome  by  the  Fessenden  oscillator.  This  appa- 
ratus is  described  and  illustrated.  It  consists  of  an  electromag- 
netically  vibrated  diaphragm  weighing  over  100  pounds. 

It  is  stated  that  by  use  of  this  oscillator  even  telephony  is 
possible,  sentences  having  been  transmitted  800  yards  and  con- 
versation carried  on  at  400  yards  with  the  use  of  an  ordinary 
telephone  with  six  dry  cells.  Signals  have  been  heard  a  distance 
of  20  miles  from  a  boat  running  at  eight  knots. 

Other  probable  uses  are  the  taking  of  soundings  and  detec- 
tion of  icebergs  by  the  echo  of  tones  sent  out  by  the  oscillator, 
the  elapsed  time  indicating  distances.  Successful  tests  have  been 
made  of  both  of  these  uses. 

Millet  ^'^  (1914)  states  that  the  bell  and  microphone  method 
of  submarine  signalling  worked  out  by  him  in  the  nineties  was 
quickly  adopted  by  all  the  large  transatlantic  line  companies,  and 
submarine  bells  are  now^  in  operation  at  nearly  200  points  on  vari- 
ous coasts.  The  Fessenden  oscillator  has  opened  the  way  for  a 
great  advance,  and  provides  a  means  of  detecting  icel>ergs  at 
distances  of  one-half  to  two  and  one-half  miles. 

Millet  gives  a  brief  mention  of  earlier  investigators  of  the 
general  problem. 

Sawyer  ^^  gives  a  similar  account  of  the  history  and  need  for 
submarine  signalHng.  He  describes  in  a  very  general  w-ay  ex- 
periments made  by  the  United  States  Xavy  with  the  device  of 
the  Austrian,  Berger,  involving  the  vibrations  of  a  steel  wire  or 
strip,  and  later  with  the  Fessenden  oscillator. 
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V.    BUILDERS. 

/>()(//  Hiiildcrs. — A.-irestrup  •'"  (k^i^O  pves  the  European 
linns  which  build  or  arc  huihhn^  suhmarines.  either  on  iheir  own 
or  licensed  designs,  as  lollows: 

Finn                                                         Location  Boats  built 

I\k'ctric    Boat   Cotni);niy Central  office    iti    Paris              about  165 

Gernianiawerf    (Knii)i)) Ki«-'l  35 

Fiat-San   (liorj^io Spezia  25 

Schneider Creusot  10 

Weserwcrft Bremen  i 

l^enny    Brothers. .  •  •  • Dumbarton  I 

The  folU)\vini^  companies  are  also  connected  with  the  huiUhng 
of  submarines : 

England: 

Firm  Under  license  rf 

\'ickers     Electric  Boat  Company. 

Scott    Fiat  Company. 

Armstrong Schneider  Company. 

Italy 

Orlando    For  Fiat  and  license  holders  of  Elec- 
tric Boat  Company. 
Holland: 

Schelde    Electric  Boat  Company. 

Russia: 

Newskywerft Electric  Boat  Company. 

Nicolaieffvverft    )  m  r  t^ 

Lessner  and  Nobel  )  ^^^"^'  °^  ^"''^^"  engmeers. 

Sweden : 

Bergsund     Swedish    Marine    Electric    Boat    Com- 
pany. 

Kockum     Fiat   Company. 

American: 

Fore  River  Shipbuilding  Company."^ 

Electric  Boat  Company."^ 

California  Shipbuilding  Company,'^  Long  Beach,  Calif. 

L.  A.  Submarine  Boat  Compan}-,  Long  Beach,  Calif. 

Snyder  &  Co.  (French),"  New  York  City. 

International  Submarine  Shipbuilding  Company.  Maine. 

Lake  Torpedo  Boat  Company,^"'  ^  Bridgeport.  Conn. 

Engine  Builders. — The  products  of  most  of  the  following 
builders  are  described  ^'*-^   (191 7): 
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iii'nnuii : 

Fried.  Krupps.  Kiol-CiaariKn.  .\uK>l>iirK  Works  ..i'  MaM-liiiunlalink- 
AiiKsbiirg-Xunihors:.  (.KortiiiK  Iirt)s.  and  otliors  hnild  moderate 
powered  sets.)  Xiirnlierg  Works  of  M.  A.  .\'.  (Designs  at  om- 
time  used  by  New  London  Ship  and  I'ngine  Company.) 
/>'/•;■//>/;. 
Vickers.  Ltd.,  Harrow.  {Mr.  James  McKeclmie.  technieal  director.) 
Scott  Shipbuilding  Company.  (Holds  license  from  V.  1.  A.  T. 
Company.) 

J-  rciu/i : 

Schneider  &  Co.,  La  Creusot.     (M.  Drosne.  Chief  luigincer.) 

Augustin  Normand  &  Co.,  Havre. 

(Sabathe  Company.)     Societc  des  Moteurs  Sabaihe,  Csincs  de  la  Chaleas- 

siere,  St.  Etienne. 
Societe  des  Ateliers  et  Chantiers  de  la  Loire. 

Dutch: 

Werkspoor  Company,  Amsterdam. 

Danish: 

Burmeister  and   Wain,""  Copenhagen. 

Italian: 

Franco  Tosi  Company,  Legnano. 
Fiat-San  Giorgio,  Spezia. 
F.  L  A.  T.  Company,  Turin. 

Swiss: 

Sulzer  Brothers,   Winterthur.     (Busch-Sulzer  Company,  St.  Louis,  Mo., 
U.  S.  A.) 

Swedish : 

A.    B.    Diesels    Motorer     (?)     (Polar    Engine).       (License    owned    by 
Mcintosh  &  Seymour  Corporation,  U.  S.  A.) 
Russian: 

Kolomaer  Company  (?). 

Maschinenfabrik  Ludwig  Xobel,  Petrograd. 
American: 

Snyder  &  Co.  ( French ),^^  New  York  City. 

New    London    Ship    and    Engine    Company,    Groton,    Conn.         (Nlesco 
Engine.) 

Busch-Sulzer  Company,  St.  Louis,  Mo. 

James  Craig  Engine  and  Machine  Works,  Jersey  City,  N.  J. 

South wark  Foundry  and  Machine  Company.   Philadelphia,   Pa.      (South- 
wark-Harris  engine.)      (License  bought  by  British  Admiralty.) 

Mcintosh  &  Seymour  Corporation,  Own  Polar  license. 

Reference  ^^  (1917)  gives  the  following  list  of  firms  in  the 
United  States  building  Diesel  engines,  and  the  type  produced 
by  each : 


^O-' 
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DiKSKI.    M  AUINK 
BuiUK-rs 
Anu'iicaii    Kiiipp  i  )ii'si'l    Co. 
Atlas  (ias    I'.ii^iiir  CO. 
I'.cllik'luMn    Stt'c'l    Co. 
lUisch-Sulzcr  Co, 
James  Crai^   l-'uKinc  Works. 
Will.  Cramp  Sliij)  and  luigiiic  Co. 
Inillon  Mf^^  Co. 
Gas  EiijJiiiK'  and   Power  Co. 
McTntosh  &  Seymour  Corporation. 
Newport-Weiss    Shipbuilding    Co. 
New  London  Ship  and  luigine  Co. 
New  York  Navy  ^'ard. 
New   York    Shipbuilding  Co. 
Seattle  Machine  Works. 
Seattle-Astoria  Iron  Works. 
Standard  Motor  Construction  Co. 
Standard  Gas  Engine  Co. 
Southwark   Foundry  and  Machine 

Co. 
Union   Gas   Engine   Co. 
Union  Iron  Works. 
Winton  Engine  Co. 
Wisconsin  Motor  Mfg.   Co. 


Type. 

Krupp  4-  and  2-cycle. 

Atlas   4-cycle. 

l'>ethleheni-West    4-cycle. 

lUisch-Sulzer  4-  and  j-cycle. 

Craig  4-cycle. 

Burmeistcr  &   Wain  4-cycle. 

I*'uhon    4-cycle. 

Speedway  2-cycle. 

Polar  4-cycle. 

Werkspoor  4-cycle. 

Nlesco-M.  A.  N.  2-  and  4-cycle. 

Nlesco-M.  A.  N.  2-  and  4-cycle. 

Werkspoor  4-cycle. 

Seattle. 

Troyer-Fox  2-cycle. 

Standard  4-cycle. 

Southwark-Harris   2-cycle. 

Southwark-Harris   2-cycle. 

Craig  4-cycle. 
Union  &  Nlesco  4-cycle. 
Winton  4-cycle. 
Wisconsin  4-cycle. 


Many  of  these  Rrms  have  buiU  no  engines  as  yet,  and  the 
list  is  largely  of  potential  interest. 


VI.   BIBLIOGRAPHY. 

Journal  References. 
General. 
^Bedell,  /.  Amer.  Society  of  Mechanical  Engineers,  39,  281-291   (1917). 
^Kearney,  Proc.  U.  S.  Nazvl  Institute,  41.  1239-1250   (1915)- 
^  Hinkamp    (i)    Jour.  Amcr.  Society   of  Naval  Engineers,  27,  438-453 

(1915).     (2)   Ibid.,  27,  171-185    (1915^. 
*Woodhouse,  Flying,  6.  271    (1917);  abstract.  J.  Franklin   Institute, 

183,  798-799    (1917)- 
^Lake,  International  Marine  Engineering,  20.  286-294,  349-355»  399-404- 

450-456,  502-505,  559-562  (1915) ;  21,  29-30,  75-78,  201-205  (1916). 

''Laubeuf,    Abstract,   Engineering,   100,   579-580    (1915)- 

Trans.   International  Engineering  Congress   (San   Francisco,    1915). 
''Engineering,  100,  29-32   (1915). 
*  Engineering,  92,  655-660   ( 191 1 ) . 
^  Sims,  National  Defence  and  International  Digest,  2,  8-9   (1917). 


Aug..  I(>17]     SlBMAKlNKS    IN    PERIODICAL    LITERATURE.  3O3 

"  l\i)(lj.;(.r>.   Advance   paper    Xt).    10  nl    Snciely   ut    Naval   Arclutects  and 
Marine    I'-ngineers    (read   Xoveniber,   lyiO;    **  On  the   Suitability   of 
Current    Pesimi   of    Submarines   lo  the   Xeeds   of   the   U.   S.   Navy." 
Engineer  (L.).  123.  153-154  (i9i7)- 
liuijineerin;/   {[..),  102,  S^ij-^^io   (1916). 
"  RobinsDU.  j.   Fk.wki.in   Institltk.  179,  J83-311    •I'yi.S). 
"  Spear,   J  rufis.  Society  of  Naval  Architects  and  Marine  Jmyineers,  23, 
201-224  (1915). 
Abstract.  Internatiotial  Marine  Eiujineeri)uj,  20,  549  U915).    Last  pari 
of   this   paper,    "The    Sui)inarine    of    To-morrow,"   appeared   also    in 
Engineering,    100.    580-582    (1915),    and    Trans,    tinier.    Society    of 
Naval  Engineers,  28,  278-J86    (1916). 
"Laubeuf,  /.(/  Vaelit,  37,  33-34.  49-51   U9i4)- 
"  Nimitz,  Proc.  U.  S.  Naval  Institute,  38,  1193-iJii    (1912). 
''Engineer    (L.),   122,  342-343,  384-385    C1916). 
*"  Bernay,  J.  Amcr.  Society  Naval  Engineers,  24,  273-276   (1912). 
"  Lecointe,  Bull,  de  I  Association  Technique  Maritime,  22,  1 15-138  (1911). 
'^ Mitteihingen,  Gebicte  des  Seewesens,  39,  958-966   (1911). 
^' Daubin,  Proc.  U.  S.  Naval  Institute,  42.  1815-1823  (1916). 
^°  Klein,   Schiifbau,   13.   793-798,  841-843    (1912). 
^'  Motorship,  2   (No.  3),  6   (191 7). 
^^  Mot  or  ship,  2  (No.  3),  13  (1917). 
^U.  S.  Naval  Institute,  43,  1029-1030  (1917). 
'* International  Marine  Engineering,  18,  296-298   (1913). 
"^'International  Marine  Engineering,  17,  257-262   (1912), 
'^  Army   and    Navy  Register ;   abstract,  Proc.   U.   S.  Naval  Institute,  42, 

1676-1677    (1916). 
^' Treitel.  Ncue  Ziircher  Post;  abstract,  Revista  Marittima,  April,   1916; 

translation,   Proc.    U.  S.  Naz-al   Institute,  42,   1276-1277    (1916). 
"Laubeuf,  Le  Genie  Civil,  66,  263-267  (1915). 
^ Motorship,  i   (No.  4),  3-4  (1916). 
'^"Engineer   (L.),   123.  416-417   (1917)- 

'^  Shipbuilding  and  Shipping  Record,  I.   Anier.   Society   of  Naval  Engi- 
neers, 26,  1407-1409  (1914). 
^' Motorship,  2    (No.   5),    15    (1917). 
^  Le  Yacht,  36.  717-720  (1913). 

^*  Revisia  Marina,  ]\Iarch,   1911  ;  /.  Royal  U.  S.  Institute,  55.  1581-1588 
(1911);  /.  Amer.  Society  of  Naval  Engineers.  24,  312-316   (1912). 
"^ Mitteilungen,  Gebicte  des  Seeuesens,  42,  151    (1914). 
^'^  Shipbuilding  and  Shipping  Record,  3,  772-774  (1914). 
^'Engineering  (L.).  93.  24  (1912). 

^~  Mitteilungen,  Gebicte  des  Seewesens.  37.  188-231    (1909). 
^  \\'eaver,  Mitteilungen,  Gebiete  des  Seeziesens.  39.   245-252   (1911). 
*°  Engineer   (L.),   122.  74   (1916). 

Abstract,  Le  Genie  Ciznl,  69.  92-94   (1916^ 
*^  Bieg,  Proc.  U.  S.  Naval  Institute.  41.  151-154   ri9i5V 
*'  Acetylene  Journal,  18,  601   (May,  1917). 
*^  Skerrett,  International  Marine  Engineering,  17.  310-311    (1912). 

Vol.   184,  No.  iioo — 22 


^^o4  1Ii:ij:x    K.    IIosmkr.  [J- F.  I. 

**  EtHjinccr  (L.),  112.455  (1911). 

**"  linyinccr   (L,),   117.  208,  Jio   (1914). 

*"  Engineer  (L.),   113.  594   (igi-?);  linyinccring   (L.),  94,  86-88   (1912). 

"  Uantin,  lu-  Gcnic  Civil,  69,  113-11O  (  1916)  ;  Jiu<jinccrin(;  (L.),  loi,  569, 
613-616,  180-181    (1916). 

*"  Davis,  J'.  Anicr.  Society  of  Xaval  Engineers,  28.  669-691  ( 1916)  ;  ab- 
stract, Engineer   (L.  ),   122.  323-324   (1916). 

*"  International  Marine  Euf/ineering,  20,  77-7^^  (  1915)  ;  19,  285-287  (1914). 

^'  Motorship.  2.   1917. 

"  Dietze,  International  Marine  Engineering,  16.  357-360,  394-398  (1911). 

■'"Klein,  Sehiffbau,  14.  425-432.  480-484.  541-546  (1913). 

*^  Werner,  Marine  Rundschau:  abstract,  International  Marine  Engineer- 
ing, 19,  163-166   (1914). 

'*  International  Marine  Engineeri)ig,  21.   176    (  1916). 
II.  Propulsion. 

'*  Berling.  /.  Amcr.  Society  of  Xaval  Engineers,  28,   177-202   (1916). 

*^  Berling.    Jahrbnch    d.    Schiffshautechnischen    Gesellschaft,    14.    109-155 

(1913). 

"Hoar,  /.  Amer.  Society  of  Xaval  Engineers,  28,  286-292  (1916). 
'"  See  Part  I. 

''^  Chalkley,  Gassier s  Engineering  Monthly.  47.  199-210  (1915)  ;  /.  Amer. 
Society  of  Xaval  Engineers,  27,  471-477   (  1915). 
"^See  Part  I. 
'  See  Part  I. 
'^'See  Part  I. 

■''^  Lisle,  Motorship,  2,   (Xo.  4),  3-10   (1917). 

-"Shaw,  Motorship  2   (Xo.  5),  17   (1917)- 
'^See  Part  I. 

"^Motorship,  2   (Xo.  5),  15    (1917). 

^'^  Ximitz,  /  Amer.  Society  of  Xaval  Engineers,  28.  487-497  (1916). 

*^"  Berggeen,  /.  Amer.  Society  of  Xaval  Engineers,  28,  292-294   (1916). 

•"Lisle,  Motorship,  i-(No.  7),  8-9  (1916). 

^■*  Palmer,  Motorship.  i   (X'o.  8).  3-5   (December.   1916). 

""  Wentworth,  Advance  paper  Xo.  3  of  Society  of  X^aval  Architects  and 
Marine  Engineers  (read  X'ovember,  1916),  "Design  of  an  Oil  En- 
gine," 21   pp. 

"'Arnold.  Sehiffbau.  13.  678-683,  72S-732,  770-774    (1912). 
(3S)    See  Part  L 
TIL  Armament. 

*'- Biles,  Trans.  Institute  of  Xaval  Architects.  56.  257-270  (1914)  ;  Engi- 
neering, 98.  65-67    (1914). 

^  Dumas,  Le  Genie  Civil,  66.  401-408   (1915)  ;   abstract.  Engineer   (L.), 
120,  77-79  (1915). 

"  Michelson,  Jahrbnch   d.  Schiffbautechnischcn  Gesellschaft.   14.   192-208 

(1913)- 
'^  Cassier's  Engineering  Monthly,  44.  295-303    (1913). 
"Heinz,  Mitteilungen,  Gebiete  dcs  Seewesens,  37,  662-684   (1909). 


AuR..  i«)i7.I    Slim  AuiM-.s  IN    I'i;ki()|)K  Ai.  Luicra  riui:. 


305 


*'"' lU'rnotti,  h'i'i'istit   Marilliiiui.  r)oceinl)(,T.    19IJ;  /.  Royal   I'uitcd  Service 

lustititiiou,  57.  4()j  409   (.191J). 
^*  Pramcr,  Mittcilunijcu,  iicbictc  dcs  Sccwi'scns,  42.  3H  47,  2J6-J48.  475- 

506.   5^0-596,  054-077,   765-800    (1914). 
^^  Htujinccr.  113.  205-J06  (1912). 
"Vcrj^nicr,  Lc  Ccnir  Civil,  58,  4()9-47.^    (  1911  ). 
'^(ira\-,   histitiiiion   of  liufiiuccrs  and   S/iiphitildrrs  in   Srollaiid.  57,    iji- 

1 4O  ( 1 9 1 4 ) . 
"Gray,    Institution    of   I'.iuiinccrs  and   Shif^huildrrs   in   Scotland.   58.   87- 

106  (1914). 
'""Schitrbau,  14.  487-489   (1913);  Emjinccrinii,  95,  3J.r334    O913). 
^^  Engineer  (L.).  118.  506,  510  (1914). 
'"See   Part   I. 
W .  Special  liquiptneni. 

*"  Weidert,    Jahrbuch    d.    SchUfbautecluiischoi    Gescllscliaft,    15.    174-227 

(1914). 
'^Engineering,  loi,  348  (1916). 

*' Fay,  /.  Amer.  Society  of  Naval  Engineers,  29,  loi    113    (1917). 
**  Perkins,  American  Marine  Engineer,  g,  29-33    (October,    1914). 
"'Carter,  /.  Amer.  Society  of  Naval  Engineers,  26,  832-842  (1914). 
""  Cathcart,  /.  Amer.  Society  of  Naval  Engineers,  26,  889-903  (1914), 
"Blake,    Trans.   American    Institute    of   Electrical   Engineers,    33.    1549- 

1561    (1914)- 
^Millet,  Trans.  Society  of  Naval  Architects  and  Marine  Engineers,  22, 

107-114    (1914)- 
*®  Sawyer,  Trans.  Society  of  Naval  Architects  and  Marine  Engineers,  22. 
115-122  (i9i4'>- 
V.  Builders. 

""Aarestrup,  Schiffbau,  14,  860-863   (1913). 
"  See  Part  I. 
="See  Part  I. 
■^'See  Part  II. 
"  See  Part  II. 
^^ Motor  Ship  and  Motor  Boat  (English),  26,  294-295   (1917)  ;  Motorship,  i, 
(No.  8),  14  (1916). 

The  following  books  are  a  few  of  the  most  recent  treating 
of  the  submarine.  All  are  brief  and  non-technical  in  character. 
An  exhaustive  treatise  seems  to  be  lacking,  in  English  at  least. 

Talbot,  "  Submarines  "  :  their  mechanics  and  operation.     191 5.    264  pp.     Van 
Nostrand  Co. 

This  book,  designed  for  the  general  reader,  is  a  very  good 
general  treatment  of  the  submarine,  covering  history,  mechanism, 
operation,  military  functions,  armament,  etc. 


3o6  Helen   R.   IIosmer.  [JF.  I. 

lloAK.  "  Tlu-  Siil)marine  Torpedo  Boat,"  its  characteristics  and  modern  de- 
velopment.    ic>i6.     204  pp.     1).  \'an  Nostrand  Co. 

This  book  is  a  i)rofiiscly  illustrated  treatise  on  the  subject 
(lesif^ned  for  the  "general  reader,"  as  have  indeed  been  practically 
all  the  books  published  on  this  subject.  F^^oar  has,  however,  gone 
into  considerable  detail,  and  his  book  contains  much  valuable 
data.    Ten  pages  are  devoted  to  the  torpedo. 

DoMMETT.  "Submarine  Vessels,"  including  mines,  torpedoes,  guns,  steering, 
propelling  and  navigating  apparatus,  etc.  1915.  106  pp.  London, 
Whitaker  &  Co. 

This  is  a  very  brief  and  elementary  outline  of  the  main  char- 
acteristics of  the  submarine  which  explains  quite  clearly  the  de- 
tails of  operation  of  the  various  appliances.  It  is  intended  for 
the  general  reader. 

Laubeif,  "  Sous-Marins  et  Submersibles."  191 5.  104  pp.  Paris,  Librarie  de 
la  Grave. 

This  book  is  a  brief  discussion  of  the  salient  features  of  the 
submarine — its  history,  types,  use  in  war,  future,  and  an  account 
of  the  number,  dimensions,  armament,  and  speed  of  the  German 
fleet. 

Spontaneous  Combustion  of  Oleic  Acid  Containing  Iron.     C. 

E.  SwETT  and  W.  S.  Hughes.  {Journal  of  Industrial  and 
Engineering  Chemistry,  vol.  9,  No.  6,  p.  623,  June,  191 7.) — A  case  of 
spontaneous  combustion  of  oleic  acid  when  applied  to  wool  was 
recently  observed  in  a  mill.  The  wool  or  other  hair  fibres  were  first 
oiled  with  10  per  cent.'  of  their  weight  of  oleic  acid,  after  which  the 
oiled  fibre  was  conveyed  to  bins  through  a  tinned  iron  pipe  by  a 
current  of  air.  The  conveying  pipes  were  very  near  a  bank  of  heating 
pipes  employed  to  heat  the  mill. 

An  analysis  of  the  oil  showed  nothing  of  suspicious  nature,  but 
it  was  found  that  the  finer  fibres  gave  a  greater  rise  of  temperature. 
This  fact  was  ascribed  to  more  surface  for  oxidation  with  the  finer 
fibres.  To  test  this  point  cotton  was  tried,  and  a  rapid  and  dangerous 
rise  was  found.  As  no  such  rise  was  found  with  pure  oleic  acid  of 
pharmaceutical  grade,  it  was  apparent  that  something  about  the 
oleic  acid  was  wrong,  notwithstanding  the  results  of  the  analysis. 
Briefly,  it  was  found  to  contain  o.io  per  cent,  ferric  oxide.  An 
oleate  of  iron  was  next  made  and  dissolved  in  the  pure  oleic  acid, 
so  that  it  contained  the  same  amount  of  iron  as  the  commercial 
sample.  When  this  oil  was  applied  to  cotton  it  was  found  to  give  the 
same  dangerous  rise  as  the  commercial  sample.  The  small  amount 
of  iron  had  functioned  as  a  catalyzer  to  promote  oxidation. 
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THE  REFLECTING  POWER  OF  TUNGSTEN  AND  STELLITE.' 

By  W.   W.   Coblentz  and   W.   B.   Emerson. 

Labstr.kct.j 

The  reflecting  power  of  tungsten  and  in  the  region  of  the 
spectrum  from  0.5  to  6  />i  was  determined  by  comparison  with 
silver,  and  by  a  new  method  employing  a  total  reflection  prism. 
Four  samples  of  tungsten  in  the  form  of  plane,  highly  polished 
mirrors  were  examined.  The  reflectivity  of  tmiijsten  rises 
abruptly  from  50  per  cent,  at  0.5  /^  to  90  per  cent,  at  2  /x. 

All  samples  of  tungsten  show  sharp  indentations  at  0.8  /j-  in 
the  reflectivity  curve.  A  similar  indentation  occurs  at  1.3  /^  in 
the  reflectivity  curve  of  the  pure  metal,  but  not  in  an  impure 
sample.  The  application  of  these  data  to  the  question  of  increas- 
ing the  luminous  efUciency  is  discussed. 

The  reflecting  power  of  stellite  rises  from  6^  per  cent,  in  the 
visible  to  88  per  cent,  at  9  fx. 


STANDARD  SAMPLES  FOR  THERMOMETRIC  FIXED  POINTS." 

[  ABSTRACT.] 

This  circular  (Xo.  66)  describes  the  methods  of  preparation 
and  the  chemical  analyses  of  the  metals,  tin,  zinc,  aluminum, 
and  copper,  which  have  been  prepared  by  the  Bureau  of  Standards 
for  distribution. 

The  melting-points  of  these  materials  were  determined  with 
platinum-resistance  thermometers,  and  will  serve  to  define  accu- 
rately certain  fixed  points  of  the  temperature  scale  so  that  they 
may  be  used  for  the  calibration  of  pyrometers,  the  samples  dis- 
tributed being  suflicient  in  amount  (about  50  cm.^)  for  this 
purpose. 

The  metals  are  all  of  American  manufacture  and  are  probably 
of  as  high  a  degree  of  purity  as  has  been  attained  in  the  prepa- 
ration of  relatively  large  amounts  of  such  materials.    The  chemi- 

*  Communicated  by  the  Director. 

*  Scientific  Paper  No.  308. 
^  Circular  No.  66. 
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cal  analyses  show  purity  as  follows :  Zinc,  99.993  per  cent. ;  tin, 
(j().()SS  per  cent.:  c()pi)er.  9<;<>^7  p<-'r  cent.;  ahiminnm,  99.66  per 
cent. 


TESTING    OF    CLINICAL    THERMOMETERS.' 

I  AI!STI<.\(  T.  I 

Till-:  lUireau  of  Standards  lias  just  completed  a  revision  of 
Circular  Xo.  5  on  the  "1'esting  of  Clinical  lliennometers."  This 
new  edition,  which  is  the  third  so  far,  announces  the  adoption  of 
new  regulations,  effective  January  i,  191  7,  governing  the  testing 
oi  clinical  thermometers.  Past  practice  was  to  issue  certificates 
containing  tahles  of  corrections  at  four  points,  96^,  100°,  104°, 
and  108°  F.;  the  new  certificates  will  be  issued  only  for  ther- 
mometers correct  within  o\i  F.  at  normal  (98°. 6),  and  o°.2  at 
104^,  and  will  contain  the  statement  that  the  thermometer  is  cor- 
rect within  these  tolerances. 

The  circular  contains  a  full  description  of  the  method  of  test- 
ing clinical  thermometers  and  considerable  matter  of  general 
interest  concerning  these  instruments. 

The  question  of  accuracy  in  clinical  thermometers  is  obviously 
an  important  one.  The  clinical  thermometer  bears  the  same 
relation  to  the  physician  as  the  weighing  scale  does  to  the  mer- 
chant, but,  in  a  way,  the  former  is  vastly  more  important,  as  it 
has  to  do  with  life  itself. 

It  has  been  estimated  that  over  a  million  of  these  little 
instruments  are  manufactured  each  year  to  replenish  the  supply, 
for  a  clinical  thermometer  is  delicate  and  usually  short  lived. 
Unscrupulous  manufacturers,  taking  advantage  of  this  never- 
ceasing  demand,  place  on  the  market  thousands  of  unreliable  ther- 
mometers which,  on  account  of  their  cheapness  and  the  fact  that 
their  defects  are  almost  impossible  of  detection,  find  ready  sale. 

It  is  obvious  that  the  Bureau  cannot  inspect  all  these  ther- 
mometers, for  it  tests  only  those  that  are  voluntarily  submitted. 
This  circular  calls  attention  to  the  fact  that  thermometers  of 
doubtful  accuracy  may  always  be  checked  at  this  Bureau,  and 
that  when  a  thermometer  is  offered  for  sale  w^ith  a  Bureau  of 
Standards  certificate  its  reliability  cannot  be  questioned.  If 
instruments  of  a  high  quality  are  thus  demanded,  in  time  the 
unreliable  article  will  no  longer  be  manufactured. 

^  Circular  No.  5. 
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AN    ANEROID    CALORIMETER    FOR    SPECIFIC    AND    LATENT 

HEATS.' 

By  Nathan  S.  Osborne, 

I  AHSTKAtT.  I 

The  unsiirrccl  l\pc  of  caloriiiicicr  has  been  cnilxKlicd  with 
imjx^rtant  refinenieiUs  in  an  instrument  especially  desij^ned  f(jr 
determinations  of  specific  heat  and  latent  heat  of  refrigerating 
media.  Heat  develoi>ed  and  measured  electrically  is  distributed 
automatically  to  the  calorimeter  and  contents,  whose  tempera- 
tures are  measured  by  a  platinum  thermometer.  Heat  from  other 
sources  is  excluded  by  a  null  method. 

The  calorimeter  is  adapted  for  use  between  -  50^^  and  +  50^  C. 
in  experiments  where  the  measured  heat  added  is  used  either  to 
change  the  temperature  of  the  contents  or  to  evaporate  a  portion 
of  the  contents  withdrawn  as  superheated  vapor ;  in  the  first  case 
the  specific  heat  of  the  liquid  and  in  the  second  the  latent  heat  of 
vaporization  being  obtained  when  proper  corrections  are  made. 


THE    RELATIVE    SENSIBILITY    OF    THE    AVERAGE    EYE    TO 

LIGHT  OF  DIFFERENT  COLORS,  AND  SOME  PRACTICAL 

APPLICATIONS  TO  THE  RADIATION  PROBLEMS.' 

By  W.  W.  Coblentz  and  W.   B.   Emerson. 
[abstr.\ct,] 

This  paper  gives  data  on  the  relative  visibility  of  radiation 
of  the  average  eye,  based  upon  a  group  of  130  observers.  The 
data  were  obtained  by  means  of  a  flicker  and  an  equality-of- 
brightness  photometer.  The  energy  evaluation  of  the  light  stimu- 
lus was  made  with  great  care. 

The  point  of  maximum  visibility  of  the  average  eye  is  at 
^  -  -^57^  ^-  -^  mathematical  equation  is  given  of  the  average 
visibility  curve,  which  is  applied  in  calculating  the  luminous 
energy  emitted  by  a  black  body  at  various  temperatures,  and  the 
mechanical  equivalent  of  light.  The  eye  responds  to  light  having 
an  intensity  less  than  i  x  lO'^^  w^atts  per  cm.^  The  paper  de- 
scribes tests  on  diffuse  light  and  on  a  physical  photometer.  A 
screen  is  described  which  transmits  radiations  proportional  to  the 
average  eye. 

*  Scientific  Paper  No.  301. 
®  Scientific  Paper  No.  303. 


3IO  Current  Topics.  IJ.F.I. 

Curve  Plotting  with  Logarithmic  Coordinates,  Anox.  (The 
Electric  Joiimal,  vol.  xiv.  Xo.  7,  July,  k;!/.  V-  -^59) — The  advan- 
tages of  logarithmic  cro.ss-section  i)ai)er  have  heen  ai)i)reciated  for 
many  years  by  some  engineers,  hut  there  is  room  for  its  more  exten- 
sive use.  Any  exponential  e(juati()n  of  the  general  form  y  =  kx"" 
will  ])e  a  straight  line  when  ])lotte(l  on  double  logarithmic  paper. 
Similarly,  any  equation  of  the  general  form  y  =  ka"-"  will  be  a 
straight  line  when  y  is  plotted  logarithmically  and  x  arithmetically. 
This  characteristic  is  especially  useful  in  plotting,  for  example,  a 
series  of  hyperbolas,  which,  on  arithmetical  paper,  must  be  plotted 
from  a  number  of  calculated  points,  while  on  logarithmic  paper 
only  two  points,  or  only  one  ])oint  and  the  slope,  are  necessary. 

An  advantage  of  the  logarithmic  paper,  not  so  widely  recognized, 
is  that  it  gives  the  same  i)ercentage  accuracy  over  its  whole  range, 
in  the  same  manner  as  a  slide  rule.  With  straight  cross-section  paper, 
if  at  a  value  of  15,  a  quarter  of  an  inch  represents  a  change  of  ten 
per  cent. ;  the  same  distance  gives  a  change  of  only  one  per  cent,  at 
a  value  of  150.  On  logarithmic  paper,  however,  a  given  distance 
means  the  same  percentage  change  on  any  part  of  the  scale.  A 
correlative  advantage  is  the  great  foreshortening  of  the  scale.  It 
is  practically  impossible  to  plot  values  over  a  wide  range  on  arith- 
metical paper;  whereas  with  logarithmic  paper  the  values  between 
I  and  2  are  just  as  legible  and  have  the  same  percentage  accuracy  as 
those  between  1000  and  2000.  Where  the  foreshortening  effect  only 
is  desired,  it  is  not  necessary  that  the  coordinates  be  the  same  scale. 
The  abscissae  scale  may  be  several  times  that  of  the  ordinates ;  or  they 
may  be  uniform,  to  represent  time  or  other  similar  intervals. 

Still  another  advantage  of  the  logarithmic  paper  is  that  the  slope 
of  the  line  representing  an  exponential  equation  is  proportional 
to  the  exponent.  A  variant  of  this  advantage  is  illustrated  by  the 
curves  in  the  article  by  Mr.  C.  E.  Skinner  in  the  Journal  of  The 
Franklin  Institute  -for  June,  1917.  When  the  slope  of  a  curve 
changes  suddenly,  a  critical  point  is  generally  indicated ;  that  is,  a 
point  at  which  some  change  in  the  structure  or  characteristics  of  the 
material  being  analyzed  takes  place.  Such  a  change  in  curvature  is 
difficult  to  notice  on  arithmetical  coordinate  paper  or  from  inspection 
of  the  data.  But  even  a  slight  change  in  the  slope  of  a  straight  line 
is  readily  noticeable,  so  that  such  a  critical  point  is  much  more 
apparent  when  the  data  are  plotted  logarithmically. 


NOTES    FROM    THE    RESEARCH    LABORATORY, 
EASTMAN   KODAK   COMPANY. *= 


PHOTOMICROGRAPHS  IN   COLOR.' 

By  Dr.  C.  E.  K.  Mees. 

Iabstract.J 

Lantern  slides  representing  photomicrographs  of  stained 
sections  should,  in  order  to  give  satisfaction,  closely  resemble  the 
appearance  of  the  section  itself.  This  can  be  attained  by  making 
the  print  in  stained  gelatine  instead  of  l)y  the  usual  photographic 
process. 

The  process  of  making  such  a  print  is  as  follows:  Lantern 
plates  (Seed  or  Standard  plates  are  satisfactory)  are  sensitized 
by  bathing  for  five  minutes  in  a  2]/^  per  cent,  solution  of  am- 
monium bichromate  containing  5  c.c.  of  strong  ammonia  to  the 
litre,  the  temperature  of  the  bath  being  not  above  65°  F.  The 
plates  are  then  rinsed  for  two  or  three  seconds  in  clean  water, 
drained,  and  dried  as  uniformly  as  possible,  the  plates  being  kept 
in  the  dark  during  drying.  The  sensitized  plates  are  then  ex- 
posed through  the  glass  under  the  negative  to  the  light  of  an 
arc  lamp,  the  average  exposure  being  about  three  minutes  at  18 
inches  distance.  Printing  cannot  be  done  by  daylight,  or  sharp 
images  will  not  be  obtained.  The  exposed  plates  are  then  de- 
veloped by  rocking  in  trays  of  w^ater  at  about  120°  F.  until  all 
soluble  gelatine  is  removed.  Underexposure  is  indicated  by  the 
high-light  detail  washing  away,  and  overexposure  by  the  film 
being  insoluble  to  too  great  a  depth.  The  plates  are  then  rinsed 
in  cold  water,  fixed  in  hypo,  and  washed  free  of  the  hypo.  They 
are  then  ready  for  staining. 

The  staining  is  done  with  a  one  per  cent,  solution  of  dye  con- 
taining one  per  cent,  of  acetic  acid,  the  dye  being  selected  to 
simulate  most  closely  the  original  stain  of  the  section,  the  time 
of  dyeing  being  chosen  so  that  the  necessary  depth  is  obtained. 

When  sections  stained  with  two  different  colors  are  being 

*  Communicated  by  the  Director. 

^  Communication  No.  50  from  the  Research  Laboratory  of  the  Eastman 
Kodak  Company,  published  in  American  Photography,  1917. 
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photographed  ncf^ativcs  are  made  through  suitable  color  filters  and 
are  then  dyed  in  (he  two  stains  and  placed  face  to  face  so  that  a 
two-color  slide  is  obtained. 

Suj)i)()se  a  section  is  stained  red  and  green.  Two  negatives 
are  made  on  ])anchromatic  plates — one  with  a  red  lilter,  which 
w  ill  cause  the  green  to  ai)pear  as  clear  spaces  in  the  negative  and 
will  not  record  the  red,  and  the  other  with  a  green  filter,  which 
will  record  the  red  and  not  the  green.  The  slides  made  as  de- 
scribed from  these  in  bichromated  gelatine  are  stained — that  from 
the  red  negative  with  the  original  green  stain,  and  that  from  the 
green  negative  with  the  original  red  stain. 

Idle  filters  required  can  be  chosen  from  the  set  of  filters  for 
photomicrography  prepared  under  the  name  of  Wrattcn  M 
filters.  The  choice  of  the  filter  is  decided  by  visual  trial  under 
the  microscope,  the  filters  chosen  being  those  which  most  nearly 
absorb  one  color  and  transnn't  the  other.  Thus,  photographing  a 
section  stained  with  Dela field's  hccmatoxylin  and  precipitated 
eosin,  the  A  filter  (red)  shows  no  trace  of  the  eosin  and  gives 
a  good,  strong  negative  of  die  ha?matoxylin.  The  B  and  C  filters 
are  used  together  for  the  other  negative,  giving  a  blue-green  color 
and  recording  the  eosin  and  hcTmatoxylin  both  fully,  and  from 
these  two  negatives  positives  are  made  and  stained  with  a  blue 
and  a  red  dye. 


NOTES     FROM     RESEARCH     DIVISION,     ELECTRICAL 
ENGINEERING  DEPARTMENT,   MASSACHUSETTS 
INSTITUTE   OF  TECHNOLOGY. 


EXPERIMENTS    TOWARDS    DETERMINING    THE     MAXIMUM 
EXTERNAL  POWER  OF  ATHLETES. 

It  is  sadly  remarkable  that,  in  spite  of  all  our  world's  records 
of  various  athletic  events,  we  are  almost  wholly  ignorant  of  the 
maximum  external  power  which  a  strong  man  is  able  to  exert; 
i.e.,  the  maximum  rate  at  which  he  is  able  to  do  mechanical 
work,  l^his  is  a  matter  of  importance  from  humanistic,  sta- 
tistical, physiological,  athletic,  and  engineering  standpoints.  Some 
experiments  in  this  direction  have  recently  been  made  bv  a  group 
of  students,'  and  particularly  by  Messrs.  Xorman  B.  Ames  and 
Lucas  E.  Schoonmaker,  who  made  a  thesis  study  of  the  subject. 

The  experiments  were  made  by  observing  the  time  in  seconds 
required  to  run  up  to  different  heights  on  a  flight  of  stairs.  The 
work  done  externally  by  the  subject  being  equal  to  his  weight 
multiplied  by  the  difference  of  level  from  start  to  goal,  the 
average  power  developed  during  the  run  is  this  amount  of  work 
divided  by  the  observed  time. 

It  was  found  that,  taken  from  a  standing  start,  the  power 
developed  increased  rapidly  as  the  height  of  the  goal  increased, 
until  about  four  metres  was  reached.  Increasing  the  climb  beyond 
that  height  increased  the  power,  but  less  rapidly.  When  the 
height  of  the  climb  was  set  at  nearly  nine  metres,  the  power  of 
the  best  athlete  over  the  course  reached  a  maximum,  and  in 
trials  at  yet  greater  heights  the  power  fell  off,  owing  to  fatigue. 

The  best  athlete  weighed,  clad,  76.5  kg.  The  work  done  in 
lifting  his  weight  8.83  metres  was  thus  8.83  x  76.5  =  675  kg.-m. 
The  time  of  ascent  being  six  seconds  from  standing  start,  his 
averaged  power  was  112.5  kg.-m.  per  second,  or  1104  watts. 
An  athlete  can  therefore  develop  an  external  power  of  i.i  kilo- 
watts, or  about  1.5  horsepower. 

*  Communicated  by  the  Director. 

^  For  further  particulars,  see  "The  Horsepower  Race,"  Scientific  Ameri- 
can, vol.  117,  July  7.  1917,  p.  12. 
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The  accompanying  curve  sheet  presents,  by  the  heavy  line  of 
**  watts,"  the  power  developed  by  this  athlete  in  different  intervals 
of  time  from  successive  trials;  e.g.,  550  watts  in  a  climb  of  two 
seconds'  duration,  1000  watts  in  4.7  seconds,  and  970  watts  in 
10  seconds.  The  broken  line  presents  the  height  attained  in 
different  intervals  of  time  as  found  in  the  same  series  of  suc- 
cessive trials;  e.g.,  4.9  metres  in  four  seconds,  8.83  metres  in 
six  seconds,  12.9  metres  in  10  seconds.     The  watts  curve  varies 
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Average  powers  of  a  selected  athlete  over  ascents  of  different  durations  up  to  lo  seconds.  The 
broken  line  gives  the  corresponding  elevations  attained.  Weight  of  athlete,  76.5  kg.  (168  lbs.). 

with  different  athletes,  both  in  its  maximum  and  in  the  time  to 
reach  a  maximum,  but  it  seems  to  have  the  same  general  shape  in 
all  of  the  cases  thus  far  observed. 

The  results  were  obtained  without  any  special  training  on  the 
part  of  the  athlete.  They  are  therefore  likely  to  be  improved 
upon,  and  perhaps  greatly  improved  upon,  by  selected  athletes 
training  for  the  event.  It  would  be  interesting  to  have  such 
records  accumulated. 
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The  experiments  were  made  on  stairways  in  various  places 
within  Boston  and  Cambridge,  Mass.  The  inclination  of  the 
stairway  did  not  noticeably  affect  the  results  between  the  limits 
tried  of  J/    .4  and  37  .4. 

It  appears  from  world's  records  that  in  running  contests  over 
level  ground  the  highest  average  speed  over  the  course  is  attained 
in  the  100-metre  dash-  (110  yards).  This  race  has  been  run  in 
10.6  seconds  with  an  average  velocity  of  9.43  metres  per  second. 
At  shorter  distances  the  speed  is  kept  down  by  starting  inertia, 
and  at  longer  distances  by  fatigue.  It  is  also  known  that  the  time 
of  exhaustion  or  goal  reaching,  in  all  of  the  world's  record  events 
depending  on  si>eed  (except  cycling),  varies  approximately  in- 
versely as  the  ninth  power  of  the  speed  over  the  course.'^  From 
the  climbing  records  here  reported,  the  best  average  speed  is  de- 
veloped in  about  six  seconds,  with  an  average  vertical  velocity 
component  of  1.47  metres  per  second;  but  these  can  only  be 
regarded  as  preliminary  indications.  Many  more  observations 
will  be  needed  to  establish,  to  a  satisfactory  degree  of  precision, 
the  maximum  power  which  an  athlete  is  capable  of  developing 
externally.  The  contest  can  readily  be  made  competitive  and 
spectacular.  Perhaps  only  in  active  competition  can  the  best 
maxima  be  secured.  The  leg  muscles  are  manifestly  the  principal 
sources  of  the  power  developed  in  an  uphill  dash  of  this  kind. 
It  might  therefore  be  possible  to  increase  the  output  by  providing 
balustrades  along  the  stairway,  with  projections  for  enabling  the 
athlete  to  urge  himself  upwards  also  by  his  arms. 

^"The  World  Almanac  and  Encyclopedia,"  1917,  p.  391. 

'"An  Approximate  Law  of  Fatigue  in  the  Speeds  of  Racing  Animals." 
Proc.  of  the  American  Academy  of  Arts  and  Sciences,  vol.  42,  No.  15,  De- 
cember, 1906,  p.  275 :  also,  "  Deductions  from  the  Records  of  Running  in  the 
Last  Olympiad,"  The  Popular  Science  Monthly,  November,  1908.  p.  385  ;  also, 
"  A  Law  of  Record  Times  in  Racing,"  Nature,  March  14,  1907.  p.  463. 
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FREDERICK  GUTEKUNST 
1831-1917 


THE  FRANKLIN  INSTITUTE. 


NECROLOGY. 

FREDERICK  GUTEKUNST. 

18.M-1917. 

The  death  of  Frederick  Gutekunst,  on  the  j/tli  of  April  last,  in  the 
86th  year  of  his  age,  severed  perhaps  the  last  remaining  link  hetween  the 
earliest  years  and  the  present  of  the  photographic  art.  He  was  the  Nestor 
of  American  photographers,  a  leader  in  the  earliest  varied  applications  of 
his  art,  and  one  who  through  a  period  of  more  than  a  generation  stood  as 
the  most  widely  acknowledged  master  of  photographic  portraiture  in  America. 
In  that  field  he  held  to  the  day  of  his  death  a  place  of  marked  distinc- 
tion, and  long  ago  had  gained,  through  the  sterling  quality  of  his  produc- 
tions, a  reputation  which  made  his  name  to  signify  in  reality,  as  well  as 
literally.  *'  good  art." 

Frederick  Gutekunst  was  horn  Septemher  25,  1831,  in  Germantown,  the 
son  of  a  German  cahinetmaker  who  had  settled  in  that  suburb  of  Philadel- 
phia. In  his  twelfth  year  he  was  diverted  from  his  courses  in  the 
public  schools  to  become  a  lawyer's  apprentice  in  the  office  of  the  then  Pro- 
thonotary  of  the  Supreme  Court,  Joseph  S.  Cohen,  to  whom  his  father  in- 
dentured him  for  two  successive  terms  of  three  years  each.  During  these 
six  years,  however,  his  natural  bent  to  science  rather  than  to  learning  be- 
came more  and  more  pronounced.  It  had  led  him  to  spend  more  than  half 
of  his  allowance  of  six  cents  per  day  for  lunch  on  chemicals  instead,  and 
so,  in  his  eighteenth  year,  he  turned  from  the  lawyer's  office  to  l)ecome  a 
drug  clerk  in  Avery  Tobey's  apothecary  shop  at  12 15  Market  Street.  There 
he  put  in  the  tw^o  next  years  and  studied  what  had  up  to  that  time  been 
discovered  of  photography  and  electricity.  He  then,  as  a  youth  of  twenty- 
one,  became  a  member  of  The  Franklin  Institute,  utilizing  its  facilities  to 
continue  his  studies  in  his  favorite  field  of  science.  At  the  same  time  he 
turned  from  the  drug  business  to  that  of  photography,  making  daguerreo- 
t^-pes  at  first,  and  later  applying  the  collodion  process  on  glass  for  the  pro- 
duction of  aml)rotypes.  He  also  took  up  the  then  seemingly  promising  ex- 
periments for  the  turning  of  daguerreotypes  into  printing  plates  by  elec- 
trolytic etching,  but  found,  as  did  others  at  the  time,  the  later  collotype  proc- 
ess to  be  more  serviceable  in  the  application  of  photography  in  the  printing 
press.  This  method  he  early  brought  into  practical  use  commercially,  sub- 
sequently developing  that  branch  into  a  separate  establishment  at  XintTi 
Street  and  Girard  Avenue.  During  the  eighties  this  plant,  in  charge  of  a 
manager,  proved  unremunerative  and  was  finally  given  up.  Gutekunst  would 
not  leave  his  gallery:  there  he  continued  his  lifework.  gaining  new  distinc- 
tions to  the  number  of  t,6  medals  and  diplomas  and  winning  new  laurels  as 
the  years  went  by. 
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Tlicrc  was  nothing  inii)ressi()iiistic.  hut  nuich  lliat  was  impressive,  in 
Gutckunst's  way  with  the  camera.  Whether  he  apphed  it  to  the  production 
of  such  a  picture  as  the  panoramic  view  of  the  ("entcnnial  l-lxposition  Ijuihl- 
ings  in  1876,  which  gained  for  him  not  only  royal  decorati(jns  from  the 
sovereigns  of  Austria  and  of  Italy  hut  also  the  api)reciative  recognition  of 
the  most  accomplished  experts  of  that  day,  or  a  picture  of  the  Capit«jl  at 
Washington  at  the  same  period,  which  remains  to  this  day  a  standard  pres- 
entation of  its  imposing  suhject,  or  whether  he  used  it  to  produce  a  por- 
trait, the  result  was  a  picture  in  which  every  feature  was  presented  in  the 
way  that  the  normal  eye  would  see  the  original  under  normal  conditions  and 
in  a  normal  light. 

There  were  not  wanting  at  any  time  since  the  discovery  of  photography 
by  Daguerre  in  1839,  and  increasingly  after  the  introduction  of  the  collodion 
process  in  the  fifties,  photographers  who  sought  to  apply  the  camera  for  the 
production  of  "  artistic,"  as  distinguished  from  "  realistic,"  effects,  especially 
in  portraiture.  Paris  early  took  the  lead  in  this  direction,  and  in  time 
photographers  in  all  the  principal  cities  of  Europe  and  America  were  vying 
with  each  other  in  the  production  of  artistically  posed  and  peculiarly  lighted 
portraits,  the  so-called  "  Rembrandt  effect,"  in  which  the  lights  of  the  picture 
were  made  subordinate  to  the  shades,  coming  greatly  into  vogue,  with  less 
acceptable  vagaries  becoming  here  and  there,  for  a  time  at  least,  the  im- 
primatur of  "  quality." 

In  the  midst  of  all  these  movements,  however,  Gutekunst  kept  on  the 
even  tenor  of  his  way.  He  took  the  lead  in  his  chosen  field  as  the  champion 
of  "  straight "  portraiture.  He  insisted  on  making  photographic  portraits 
that  were  true  to  nature,  with  no  attempt  at  anything  but  perfection  in  that 
respect.  And  that  he  certainly  attained.  He  realized  at  once  the  limitations 
and  the  possibilities  of  the  photograph  as  a  register  of  physiognomy.  The 
interpretation  of  physiognomy  he  left  to  the  painter,  whose  translation  of  the 
original,  as  is  the  nature  of  translations,  inevitably  expressed  somewhat  of  the 
translator's  psychology,  sometimes  adding  to,  more  often  subtracting  from, 
the  original,  and  always  more  or  less  dissembling  it.  Gutekunst  knew  that  a 
portrait  could  be  idealized  in  the  photograph  no  less  than  in  the  painting,  but 
that  the  essential  element  of  a  portrait  was  its  fidelity  to  nature.  He  realized 
that  the  artist's  genius  had  not  been  supplanted  by  the  camera  nor  his  skill 
by  the  unconscious  processes  of  chemistry,  but  that  these  agencies  had  given 
the  artist  a  new  potency  in  the  attainment  of  a  highly  desirable  end. 

Gutekunst  sought  to  produce  a  picture  that  would  be  a  true  presentment 
of  his  sitter's  natural  self,  a  photograph  that  would  be  a  record  of  the 
sitter's  normal  mood,  a  portrait  which  would  express,  so  far  as  a  portrait 
can  express,  the  sitter's  innate  characteristics,  and  he  succeeded  to  a  remark- 
able degree  in  the  accomplishment  of  that  purpose.  So  great  was  his  success 
in  that  direction  that  he  became  famous  as  a  "  photographer  of  men."  and 
likewise  for  the  great  number  of  his  portraits  of  other  famous  men.  Prob- 
ably no  other  photographer  has  ever  had  so  many  of  the  leading  men  of  his 
generation  as  sitters  before  his  camera.  During  the  Civil  War  so  many  of 
the  officers  of  the  army  and  navy  and  of  the  civil  government  flocked  to  his 
gallery  that  he  became  reputed  at  that  period  as  the  "  official  photographer," 
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and  irtMii  that  time  through  all  tlie  succeeding  years  he  maintained  the  high 
reputation  which  liis  earher  work  had  gained  for  him,  and  his  place  on 
Arch  Street  near  Seventh  continues  to  figure  as  a  gallery  of  photographic 
portraits  oi  leading  men.  There  he  worked  in  faithful  devotion  to  his  art 
through  all  the  sixty  years  from  Xovcmher,  185O,  when  he  started  out  on 
his  definite  course,  steadfastly  to  within  a  few  weeks  of  the  close  of  his 
long  and  eminently  useful  life.  His  two  daughters  and  a  sister  survive  him. 
Gutekunst  comhincd  an  even-balanced  mentality  with  an  equally  well- 
balanced  temperament.  Serious  yet  genial,  dignified  yet  modest,  his  per- 
sonality commanded  the  respect  and  gained  the  affection  of  all  who  came  in 
contact  with  him.  ''  F.  Gutekunst,"  as  he  always  signed  himself,  had  come 
to  be  regarded  as  an  institution  in  Philadelphia,  and  as  such  he  will  long 
be  remembered. 

Louis  Eduwrd  Levy. 


LIBRARY  NOTES. 

PURCHASES. 

Baker,  A.  L. — Quaternions  as  the  Result  of  Algebraic  Operations.     191 1. 

Carlock,  F.  D. — Military  Topography  and  Photography.     1916. 

Cloke,  H.  E. — The  Gunner's  Examiner.     1908. 

Cooper.  W.  R. — Primary  Batteries ;  Their  Theory,  Construction,  and  L'se. 
1916. 

Darboux.  G. — Legons  sur  les  Systemes.  Orthogonaux  et  les  Coordonnees  Cur- 
vilignes.     1910. 

Davis,  A.  P. — Irrigation  Works  Constructed  by  the  United  States  Govern- 
ment.    1917. 

Gardner,  H.  A. — Paint  Researches  and  Their  Practical  Application.     1917. 

GouRSAT,  E. — Cours  d'Analyse  Mathematique.     1915. 

Green,  G. — Mathematical  Papers.     1903. 

Greene.  C. — Wharves  and  Piers ;  Their  Design,  Construction,  and  Equip- 
ment.    1917. 

Hoar,  Allen. — The  Submarine  Torpedo  Boat.     1916. 

Jones,  H.  C. — The  Nature  of  Solution.     191 7. 

Kennelly,  a.  E. — Application  of  Hyperbolic  Functions  to  Electrical  Engi- 
neering Problems.     1916. 

Lanchester,  F.  W. — Aircraft  in  Warfare ;  the  Dawn  of  the  Fourth  Arm. 
1916. 

Lanchester,  F.  ^^'. — The  Flying  ^lachine  from  an  Engineering  Standpoint. 
1917. 

Loening,  G.  C. — Military  Aeroplanes.     1916. 

Steinmetz.  C.  p. — Theory  and  Calculation  of  Electric  Circuits.     I9I7- 

Whipple.  H.,  and  Gilbert,  C.  D.,  ed. — Concrete  Houses  and  How  They  Were 

Built.     1917. 

GIFTS. 

Academia  das  Sciencias  de  Lisboa,  Boletim  da  Segunda  Classe,  vol.  viii.  ix. 
and  x  :  Historia  e  Memorias  da  Academia.  tomo  xii,  part  ii,  Nos.  5  and  6, 
tomo  xiv.  Xo.  3  :  Boletim  Bibliografico,  Primeira  Serie.  vol.  i.  December. 

Vol.  184.  Xo.  iico — 2;^ 


3-'<J  Iji?K.\m  XoTES.  rj.  F.  I. 

1914,  ScKiuula  Scric,  vol.  i,  iMarch,  1916;  Suhsidios  para  a  historia  militar 
das   nossas    Lutas   Civis,   vol.   i ;    UrosemioloKia   Clinica ;    Centenarios    dc 
Ceuta  f   dc  Afonso  de  Alhuqucrque ;  Anais  de   Arzila,  tomo  i.     Lisboa, 
I'ortiiKal.   igi.^-1916.      (From  tlu-  Academy.) 
Alk-n.  John    V.  Company,   Catalogue  of    Riveting   Machines.     New    York,   no 

date.      (  I'Vom  the  Company.) 
.\merican    .Association   of    Refrigerati(m.    Proceedings   of   the    Sixth    Annual 

Meeting,   iyi6.     Chicago,  1916.     (From  the  Association.) 
-American    Kphemeris  and   Nautical  Almanac,   Astronomical    Papers,   vol.   ix, 

part  ii.     Washington.  1917.     (From  the  Nautical  Almanac  Office.) 
American  Gas  Institute,  Proceedings  of  the  Eleventh  Annual  Meeting,  1916, 

parts  i  and  ii.     New  York,  1917.     (From  the  Institute.) 
American   Sheet  and  Tin  Plate  Company,  Booklets,  Nos.    103,   104,    110,  and 

III.     Pittsburgh,  1916.     (From  the  Company.) 
American    Wood-Preservers'    Association,    Report    of    Proceedings    of    the 

Thirteenth  Annual  Meeting.     Baltimore,  1917.     (From  the  Association.) 
Boston    Public    Library,    Sixty-fifth    Annual    Report    of    the   Trustees,    1916- 

1917.     Boston,  19 1 7.     (From  the  Library.) 
Canada  Department  of  Mines.  Geological  Survey,  Memoir  87,  Geology  of  a 

Portion  of  the  Flathead  Coal  Area.  British  Columbia,  by  J.  D.  MacKenzie. 

Ottawa,  1916.   (From  the  Department.) 
Canada  Department  of  Mines,  Mines  Branch,  Annual  Report  on  the  Mineral 

Production  of  Canada   During  the   Calendar   Year   1915.     Ottawa,    1917. 

(From  the  Department.) 
Catholic  University  of  America,  Year  Book,   1917-1918.     Washington,  D.  C, 

1917.      (From  the  L'niversity.) 
Chicago.  Rock  Island  and   Pacific  Railway  Company,  Thirty-seventh  Annual 

Report,   1916.     Chicago,   1916.      (From  the  Company.) 
Cincinnati  Screw  Company.  Catalogue  of  Screw  Machine  Products.  Twight- 

wee,  Ohio,  no  date.     (From  the  Company.) 
Concord,  N.  H.,  Board  of  Water  Commissioners,  Forty-fifth  Annual  Report 

to  the  Board  of  Alderinen,  1916.     Concord,  1917.     (From  the  Board.) 
Connecticut  State  Geological  and  Natural  History  Survey,   Bulletin  No.  22, 

Guide  to  the  Insects  of  Connecticut,  part  iii.     Hartford,  1916.     (From  the 

State  Library.) 
Crouse-Hinds   Company,  Bulletins  Nos.  2.  4,  and  302 ;  Catalogues  Xos.  201. 

202,  and  1000.     Syracuse.  1911-1917.      (From  the  Company.) 
Cutler-Hammer  ]\Ianufacturing  Company,  Booklet  E,  Alay,  1917.    Milwaukee, 

Wis.,  1917.     (From  the  Company.) 
De    Laval    Steam    Turbine    Company.    Progress    in    W^ater    Works    Pumps, 

Trenton,  N.  J..  191 7.     (From  the  Company.) 
Diamond  Power   Specialty  Company.   Bulletins  Nos.    117.   118.   119.   121.    122, 

124,  and  125.  of  Mechanical  Soot  Blowers.       Detroit,  1916-1917.     (From 

the  Company.) 
Erie    Pump    and    Equipment    Company,    The    Copes    System    of    Feed-water 

Control.     Erie,    Pa.,    191 7.     (From   the    DeVed   Kissick    Company,    Inc., 

Philadelphia,  Pa.) 
General   Welding   and   Equipment   Company.    Instructions    for   Wielding  and 

Cutting.     Boston,  no   date.     (From   the  Company.) 


•\»^^^-  »*>»7J  LllJKAKV    \(.T| 


3-'' 


Goodrich.   H.   V.,  Company.  Motor  Trucks  of  America.   \..l.   v,    1917.     Akron. 

Ohio,    1917.      (From    the    Company.; 
Crcavcs-Kkisman  Tool   Company,   (J-K   Betterments.       Cinciimati.   Ohio,   no 

date.       { I'rom  the  Ci>mpany. ) 
Hammacher,    Sclilemmer    and    Company,    Catalojs'ue    Xo.    500    of    Hardware 

Tends  and  Supplies.     New  ^'ork,  no  date.     (From  the  Company.) 
Hampshire    Faper    Company.    The    Art    of    Paper    Making:.     South    Hadley 

Falls.  Mass..  no  date.     ( I'rom  the  Company.) 
Holophane    Glass    Company,    Ht»oklet    No.    114,    l)e\  elopinei.ts    for    Type    C 

Lamps.     New   York.   1917.      (From  the  Company.) 
Huntington  School.  Catalogue.  1917-1918.    Boston,  1917.    (From  the  School.) 
India  Agricultural  Adviser,   Report  on  the  Progress  of  Agriculture  in   India 

for   1915-16.     Calcutta,   1917.     (F'^rom  the  Agricultural  Adviser.) 
Iowa  Board  of  Railroad  Commissioners,  Thirty-eighth  .\nnual   Rt-port.   191 5. 

Des  Moines,  1917.     (From  the  Commissioners.) 
Iowa   State   College  of   Agriculture  and   Mechanic   Arts,  General   Catalogue. 

1917-1918.     Ames,   191 7.     (From  the  College.) 
Jamison    Cold   Storage   Door   Company,    Catalogue   No.  8.   The    Fconomy  of 
Patented    Cold    Storage    Doors.     Hagerstown,    Md..    1917.     (From    the 
Company.) 
John   Crerar   Library.   Twenty-second   Annual   Report.    1916.     Chicago.    1917. 

(From  the  Library.) 
Lagonda  Manufacturing  Company,  Catalogue  N-4.  Lagonda  Automatic  Cut- 
off Valves.     Springfield,  Ohio,  1917.     (From  the  Company.) 
Landis  Machine  Company,  Inc..  Catalogues  Nos.  22  and  23.  of  Pipe  Thread- 
ing Machinery.     Waynesboro,  Pa.,  1916-1917.     (From  the  Company.) 
Liverpool   Literary  and    Philosophical   Society.    Proceedings    No.    Ixiv.    19 14- 

1916.     Liverpool,   1916.     (From  the   Society.) 
Lynn.  Mass..  Commissioner  of  Water  and  Water  Works.  Annual  Report  for 
the  Year  ending  December  31.    1916.     Lynn.    1917.     (From  the  Commis- 
sioner.) 
Massachusetts  Board  of  Education,  Eightieth  Annual  Report.  January.  191 7. 

Boston,  1917.     (From  the  Board.) 
McGill  L^niversity,  Calendar  for  Session  1917-1918.     Montreal.  1917.     (From 

the  L'niversity.) 
Med  ford.    ]\Iass..    Water    and    Sewer    Department,    Annual    Report    for    the 
Year    ending   December  30,    1916.     Medford.    1917.     (From   the    Depart- 
ment.) 
Metropolitan  Engineering  Company,  Data  for  Central  Station  Engineers,  sec- 
ond edition.     New  York,  191 7.     (From  the  Company.) 
Michigan  Public  Domain  Commission.  Biennial  Report.  July  i,   1914.  to  June 

30.  1916.     Lansing.  191 /.     (From  the  Commission.) 
jMontana   State  School  of  Mines,  Seventeenth  Annual  Catalogue.    1916-1917. 

Butte.   1917.     (From  the  School.) 
Moody  [Manual  Company.  Moody's  Manual,  vol.  iv,  Complete  list  of  Securi- 
ties Maturing  July  i.  1917.  to  June  30,  1919.     New  York.  1917.     (From 

the  Company.) 
Moore   &   White   Company,   Catalogues   of   Friction   Clutches.     Philadelphia, 

1914,  1916.     (From  the  Company.) 


3--  LiHKAKY  Notes.  [J.F.I. 

Municipal  i:nginccrs  of  the  City  of  New  York,  I'rocccdings  for  1915.  New 
\\)rk.  1915.     (From  the  Society.) 

JMuseu  Nacional,  Archivos,  vol.  xx.  Kio  de  Janeiro,  J 9 17.  (From  the 
Aluscimi.) 

National  Biscuit  Company,  A  descriptive  and  I'ictoriai  Review  of  the 
Luncheon  and  Reception  in  Celebration  of  the  Completion  of  its  New 
Bakery.     Kansas  City,  Mo.,  191 1.     (From  the  Company.; 

National  Tube  Company,  National  Pipe  Standards,  Appendix  to  1913  Edi- 
tion of  the  Book  of  Standards.     Pittsburgh,  1916.     (From  the  Company.) 

New  Jersey  Department  of  Conservation  and  Development,  Annual  Report 
for  the  Year  ending  October  31,  1916.  Trenton,  1917.  (From  the 
Department.) 

New  Jersey  State  Library,  Archives  of  the  State  of  New  Jersey,  First 
Series,  vol.  xxviii.     Paterson,  1916.     (From  the  State  Library.) 

New  York  Public  Service  Commission  for  the  First  District,  Report  for  the 
Y'ear  ending  December  31,  1915,  vols,  i  and  ii.  Albany,  1916.  (From 
the  Commission.) 

New  Y'ork  Public  Service  Commission  for  the  Second  District,  Ninth  Annual 
Report,  1915,  vol.  iii.     Albany,  1916.     (From  the  Commission.) 

New  Y'ork  State  Museum,  Sixty-eighth  Annual  Report,  1914.  Albany,  1916. 
(From  the  New  Y'ork  State  Library.) 

New  Zealand  Geological  Survey,  Bulletin  No.  18  (New  Series).  Welling- 
ton, 1917.     (From  the  Survey.) 

New  Zealand  Government  Statistician,  Official  Y^ear-Book,  1916.  Welling- 
ton,  1916.     (From  the  Government  Statistician.) 

Ohio  Mechanics'  Institute,  Catalogue,  1917.  Cincinnati,  1917.  (From  the 
Institute.) 

Ontario  Bureau  of  Mines,  Twenty-fifth  Annual  Report,  1916,  vol.  xxv,  part  i. 
Toronto,  1916.     (From  the  Bureau.) 

Ontario   Minister   of  Agriculture,   Report   for  the   Y'ear   ending   October  31, 

1916,  Toronto,   1917.     (From  the  Minister.) 

Page-Storms   Drop   Forge.  Company,   Catalogue  of   Wrenches,    i/th   edition. 

Chicopee,  Mass.,  no  date.     (From  the  Company.) 
Pennsylvania  Board  of  Commissioners  of  the   Public   Charities,   Forty-sixth 

Annual  Report,  1915.     Harrisburg,  1916.     (From  the  State  Librarian.) 
Pennsylvania   Commissioner  of  Health,  Ninth  Annual  Report,   1914,   parts  i 

and  ii.     Harrisburg,  1916-1917.     (From  the  State  Librarian.) 
Pennsylvania  Commissioner  of  Labor  and  Industry,  Second  Annual  Report, 

1915,  part  ii.       Harrisburg,  1916.     (From  the  State  Librarian.) 
Pennsylvania    Commission   to    Codify    and    Revise    the   Law    of    Decedents' 

Estates,  Report.     Philadelphia,  1917-     (From  the  State  Librarian.) 
Pennsylvania  State  College,  Annual  Report  for  the  Year  1914-1915.     Harris- 
burg, 1916.      (From  the  State  Librarian.) 
Rateau  Battu  Smoot  Company,  Catalogue  A  of  Turbo  Blowers  and  Steam 

Turbines.     New  Y'ork,  1917.     (From  the  Company.) 
Rateau    Steam    Regenerator    Company,    Catalogue.     New    Y^ork,    no    date. 

(From  the  Company.) 
Seneca   Tripoli   Company,   Catalogue  of   Tripoli   Products.     St.    Louis,    Mo., 

1917.  (From  the  Company.) 


Aug.,  1()I7.J  l^OOK    NOTICKS. 


.^-\^ 


Sleeper  &  Hartley,  Inc.,  Bulletins  Nos.  252,  254,  264,  268,  270,  272,  275, 
277,  -'80,  J87-JKS,  300.  308- J09,  317-319,  3A  334,  and  350.  of  W'ire-Coiling 
Machinery.     Worcester.   Mass..   igiiy-igi7.     (From  the  Company.) 

Smith.  T.  L..  Company  Catalogues  Nos.  302  and  402,  of  Mixers;  and  Booklet, 
First  Lessons  in  Concrete  Work.  Milwaukee,  Wis.,  n(j  date.  (  hVom 
the  Company.) 

St.  Louis  Public  Library,  Monthly  Bulletin.  June,  1917.  St.  Louis,  Mo.,  191;. 
(From  the  Library.) 

StoU,  D.  H..  Company,  Catalogue  Xo.  17  of  Presses,  Power  Shears,  and 
Sheet  Metal  Working  Machinery.  Buffalo,  no  date.  (  From  the  Com- 
pany.) 

Thomas,  R.,  and  Sons  Company,  Catalogue  Xo.  16  of  Transmission  Line 
Insulators  for  All  Voltages.  East  Liverpool,  Ohio.  1917.  (From  the 
Company. ) 

L'nited  Water  Improvement  Company,  Ozone  in  Water  Purification.  Phila- 
delphia, no  date.     (From  the  Company.) 

University  of  Arizona,  Annual  Catalogue,  I9i(>-I9i7.  Tucson,  1917.  (From 
the  University.) 

University  of  Illinois  Bulletin,  Water  Survey  Series  X'o.  13,  Report  for  the 
Year  ending  December  31,  1915.  Urbana,  1916.  (From  Mr.  John  C. 
Trautwine,  Jr.) 

University  of  Iowa,  College  of  Applied  Science,  The  Transit,  June,  1917. 
Iowa  City,  191 7.      (From  the  University.) 

Vassar  College,  Fifty-second  Annual  Catalogue.  1916-1917.  Poughkeepsie, 
X\  Y.,  1916.     (From  the  College.) 

Warren  Foundry  and  Machine  Company.  Catalogue  of  Cast-iron  Pipe  and 
Special  Castings.     New  York.  1916.     (From  the  Company.) 

Westinghouse  Electric  and  Manufacturing  Company,  Catalogue  X'o.  3S.  East 
Pittsburgh,   Pa.,  191 7.     (From  the  Company.) 

Wilmarth  &:  Morman  Company,  Catalogue  No.  106 ;  Grinding  Machinery. 
Grand  Rapids.  Mich.,  no  date.     (From   the   Company.) 


BOOK  NOTICES. 


Examples  in  Battery  Engineering,  by  Prof.  F.  E.  Austin,  E.  E.,  Hanover. 
N.  H.,  published  by  the  author,  1917.  90  pages,  39  illustrations,  4^  X 
7H  inches.     Price,  $1.25. 

Almost  any  person  of  average  intelligence  can  bungle  through  a  techni- 
cal problem,  but  commercial  efficiency  and  discriminating  judgment  come 
only  with  that  familiarity  acquired  by  extensive  drill  work.  Although  there 
exists  considerable  literature  on  batteries,  either  in  special  monographs  or  in 
general  treatises,  there  is  probably  no  one  work  available  from  which  com- 
mercial proficiency  in  the  increasingly  important  subject  of  battery  engineer- 
ing may  be  attained. 

The  characteristic  feature  of  this  useful  little  volume  is  the  large  num- 
ber of  business-like  examples  of  how  batteries  may  be  arranged  for  given 
purposes  and   output,   and  their  possibilities   and   limitations.     A   number   of 
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instructive  curves  arc  plotted  and  explained,  showing  the  laws  of  variations 
of  the  ditTerent  (piantities.  No  attempt  has  been  made  to  enter  generally  into 
the  details  of  the  component  elements  of  batteries,  though  a  short  reference 
is  made  to  the  constructive  elements  of  storage  batteries.  Brief  but  ade- 
(piate  space  is  devoted  to  principles  and  the  use  of  the  various  constants  em- 
l)loyed  in  battery  work.  A  perusal  of  this  text  should  prove  of  decided 
value  to  any  electrical  student  who  wishes  to  acquire  dexterity  in  dealing 
with  battery  prol)lems. 

LUCIEN     E.     PlCOLET. 

The  Life  of  Roi?i-:kt  H.\re.  an  American  Chemist,  by  Edgar  Fahs  Smith, 
Provost  of  the  University  of  Pennsylvania.  Philadelphia,  J.  B.  Lippin- 
cott  Company,  191 7.  508  pages,  illustrations,  plates,  portraits,  8vo. 
Price,  $5. 

During  the  first  half  of  the  nineteenth  century  the  name  of  Robert  Hare 
was  one  to  conjure  with  in  American  scientific  circles.  His  brilliant  achieve- 
ments as  a  chemical  investigator  and  his  original  contributions  to  chemical 
philosophy  were  highly  esteemed  and  much  admired,  yet,  nevertheless,  it  may 
be  doubted  whether  his  contemporaries  (with  the  exception  of  a  few  of  his 
intimates)  had  any  idea  of  the  real  value  of  his  unique  achievements  as  a 
pioneer  in  the  fields  of  high-temperature  research  and  electrochemistry.  Here 
and  there  some  quaint  and  ingenious  apparatus  devised  by  him  may  still  be 
found  among  the  lecture  equipment  of  schools  and  colleges ;  but  apart  from 
such  curiosities,  there  was  little  that  remained  to  recall  to  the  present  gen- 
eration the  importance  of  Robert  Hare's  contributions  to  physical  science 
until  a  few  years  ago,  when  Provost  Smith,  in  his  interesting  book,  "  Chem- 
istry in  America,"  once  more  called  attention  to  the  fundamental  character  of 
this  Philadelphia  chemist's  discoveries  and  inventions.  In  the  present  volume 
Doctor  Smith  now  presents  an  intimate  and  fascinating  account  of  the  life 
and  labors  of  Hare,  and  his  narrative  is  largely  based  upon,  and  liberally  in- 
terspersed with,  the  hitherto  unpublished  letters  of  his  subject  and  other  prac- 
tically forgotten  documents.  A  mere  glance  over  the  pages  of  this  splendid 
volume  sutfic-es  to  impress  us  w-ith  the  fact  that  in  writing  it  the  author  per- 
formed a  labor  of  love  :  it  is  a  biography  not  unlike  those  which  Grimaux 
gave  us  in  his  "  Life  of  Lavoisier,"  and  Jacob  Volhard  in  his  '*  Life  of 
Liebig."  It  is  a  beautiful,  sympathetic,  and  sincere  tribute  to  a  great  man 
of  science  by  one  who  has  achieved  great  distinction  in  the  same  field  of 
endeavor  and  in  the  same  institution  of  learning.  A  careful  perusal  cannot 
fail  to  convince  the  reader  that  not  a  few-  of  Hare's  discoveries  have  laid 
the  foundations  of  great  technical  achievements  and  industries  in  our  own 
time.  Among  these  may  be  mentioned  the  invention  of  the  oxyhydrogen 
blowpipe,  by  which  the  modern  platinum  industry  and  the  Drummond  light 
of  the  ocean  lighthouses  were  made  possible;  the  calorimotor  and  the  def- 
lagrator,  by  the  aid  of  which  their  inventor  obtained  such  substances  as 
metallic  calcium,  calcium  carbide,  phosphorus  and  graphite  (i.e.,  substances 
which  have  only  recently  become  most  important  products  of  the  electro- 
chemical industries).  Hare  was  also  the  original  inventor  of  the  mercury 
cathode,  which  now^  plays  so  important  a  role  in  the  electrolytic  manufacture 
of  alkali  and  its  by-products. 
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In  tyi>(>>4r;i|)li\.  paper,  and  bindiiif;  this  volume  leaves  nothing  t«»  he  de- 
sired. It  is  adtirned  witii  a  fuie  portrait  in  eolor  of  Hare  and  with  several 
diuiltie  tone  ilhistrations.  The  reviewer  knows  of  no  hioKraphy  of  any 
American  scientist  which  surpasses  this  either  in  interest  or  in  attractiveness 
of  appearance. 

1  JAKin     I".    Kl  I.I.KK. 

CiKANUES  VotljTES  par  Paul  Sejourne.  liiKenieur  en  Chef  des  i'onts  et 
Chaussees.  Paris,  Tardy-Pigelet  et  hils.  In  six  volumes,  paper;  17.^2 
pages,  1230  illustrations,  tahles,  10  x  13  inches.     Price.  250  francs. 

Probahly  the  most  monumental  engineerinj^  treatise  in  any  language  is 
this  work  on  '*  (Ireat  Arch  Bridges,"  by  the  eminent  iMench  engineer,  Monsieur 
Paul  Sejourne.  The  limited  space  allotted  to  this  review  does  not  permit  of 
more  than  a  passing  reference  to  a  few  of  the  salient  features  of  the  hook. 

M.  Sejourne  illustrates  and  discusses  practically  all  of  tiie  imi)ortant 
masonry  and  reinforced-concrete  arch  bridges  of  the  world,  in  six  volumes, 
which  are  a  model  for  technical  writers  in  all  that  relates  to  clearness, 
thoroughness,  elegance  of  diction,  and  high  standard  of  finish. 

The  illustrations  are  profuse  and  artistic,  and  are  exceptionally  well  re- 
produced ;  and  the  general  mechanical  make-up  of  the  work  is  of  the  highest 
order.  The  first  four  volumes  consist  essentially  of  tabulated  matter  and  illus- 
trations. These  tabulations  are  worthy  of  the  highest  praise,  containing,  as 
they  do,  practically  all  the  information  that  any  reader  could  desire.  The 
preparation  of  these  tal)les  alone  must  have  necessitated  many  years  of  hard 
work  and  the  taking  of  infinite  pains.  A  conscientious  study  of  the  illustra- 
tions alone,  even  if  the  engineer  does  not  read  French,  would  in  itself  be  a 
liberal  education  in  the  aesthetics  of  bridge  design.  Reference  to  this  book  by 
any  American  engineer  contemplating  the  making  of  a  design  for  a  con- 
crete arch  bridge  could  not  fail  to  be  productive  of  very  material  help  and 
benefit;  and  the  aesthetics  of  bridge  designing  in  this  country  would  undoubt- 
edly be  greatly  improved  by  a  general  familiarity  with  this  work  on  the  part 
of  our  structural  engineers. 

jMany  American  engineers  may  consider  the  high  price  of  this  set  of 
books  to  be  prohibitive  of  personal  acquisition,  because  they  have  been  spoiled 
during  recent  years  by  the  issue  of  so  many  fine  American  technical  works 
at  exceedingly  low  prices;  but  the  librarians  of  the  public  libraries  in  our 
large  cities  should  certainly  purchase  this  treatise  for  reference-use  by  engi- 
neers ;  and  our  universities  and  technical  schools  should  not  fail  to  order  it 
for  their  libraries.  Whenever  an  important  technical  w^ork  like  "  Grandes 
Voutes  "  is  published,  the  benefit  of  the  profession  not  only  demands  that  its 
value  should  be  realized  and  that  it  be  utilized  to  the  utmost,  but  its  employ- 
ment and  recognition  would  in  some  measure  be  an  acknowledgment  and 
encouragement  to  the  author  for  his  laudable  efforts  for  the  good  of  man- 
kind. Such  recognition  and  encouragement  are  much  needed  by  technical 
book  waiters,  because  the  labor  and  expense  of  preparing  the  manuscript  are 
very  heavy,  and  the  pecuniary  reward  is  almost  always  uil. 

T.  A.  L.  Waddell. 
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PUBLICATIONS  RECEIVED. 

Strum  Boilers:  A  Practical  and  Authoritative  Discussion  of  I'oilcr  De- 
sign and  Construction,  and  the  Development  of  Modern  Types,  revised  by 
Robert  H.  Kuss,  M.E.,  consulting  mechanical  engineer.  56  +  8j  +  4  pages, 
illustrations,  8vo.     Chicago,  American  Technical   Society,   19 17. 

U.  S.  Bureau  of  the  Census:  Abstract  of  the  Census  of  Manufacturers, 
1914.  722  pages,  8vo.  Washington,  (lovernment  Printing  Ottice,  k^ij.  Price, 
65  cents. 

Canada  Pef^artnieiit  of  Mines.  Mines  Branch:  Annual  Report  on  the 
Mineral  Production  of  Canada  during  the  Calendar  Year  1915.  364  pages, 
8vo,  Bulletin  No.  14,  The  Coal-fields  and  Coal  Industry  of  Eastern  Canada. 
A  General  Survey  and  Description,  by  Francis  W.  Gray.  6?  pages,  illus- 
trations, plates,  maps,  8vo.  Bulletin  No.  17,  The  Value  of  Peat  Fuel  for  the 
Generation  of  Steam,  by  John  Blizard,  B.Sc.  42  pages,  illustrations,  8vo. 
Report  on  the  Building  and  Ornamental  Stones  of  Canada,  vol.  iv,  Provinces 
of  Manitoba,  Saskatchewan,  and  Alberta,  by  William  A.  Parks,  B.A.,  Ph.D. 
333  P^ges,  illustrations,  plates,  maps,  Svo.  Ottav^^a,  Government  Printing 
Bureau,  1916-1917. 

U.  S.  Bureau  of  Mines:  Bulletin  142,  The  Mining  Industry  in  the  Terri- 
tory of  Alaska  During  the  Calendar  Year  1915,  by  Sumner  S.  Smith,  U.  S. 
IMine  Inspector  for  Alaska.  65  pages,  illustrations,  Svo.  Bulletin  147,  Ab- 
stract of  Current  Decisions  on  Mines  and  Mining,  reported  from  September 
to  December,  1916,  by  J.  W.  Thompson.  84  pages,  Svo.  Technical  Paper 
103,  Organizing  and  Conducting  Safety  Work  in  Mines,  by  Herbert  M. 
Wilson  and  James  R.  Fleming.  57  pages,  illustrations,  Svo.  Technical  Paper 
140,  The  Primary  Volatile  Products  of  the  Carbonization  of  Coal  (a  sequel 
to  Bulletin  i,  The  Volatile  Matter  of  Coal),  by  Guy  B.  Taylor  and  Horace 
C.  Porter.  59  pages,  illustrations,  plate,  Svo.  Technical  Paper  149,  Answers 
to  Questions  on  the  Flotation  of  Ores,  by  Oliver  C.  Ralston.  30  pages,  Svo. 
Technical  Paper  153,  Occurrence  and  Mitigation  of  Injurious  Dusts  in  Steel 
Works,  by  J.  A.  W^atkins,  Passed  Assistant  Surgeon,  U.  S.  Public  Health 
Service.  20  pages,  illustrations,  plates,  Svo.  Technical  Paper  166,  Motor 
Gasoline  Properties,  Laboratory  Methods  of  Testing,  and  Practical  Specifi- 
cations, by  E.  W.  Dean.  27  pages,  plate,  Svo.  Washington,  Government 
Printing  Office.     1916-1917. 

Providence,  R.  L,  City  Engineer,  Annual  Report  for  the  Y^ear  1916.  86 
pages,  diagrams,  maps,  Svo.     Providence,  City  Printers,  1917. 

U.  S.  Department  of  Agriculture:  Bulletin  No.  537,  The  Results  of 
Physical  Tests  of  Road-building  Rock  in  1916,  Including  All  Compression 
Tests,  by  Prevost  Hubbard,  chemical  engineer,  and  Frank  H.  Jackson,  Jr., 
assistant  testing  engineer.  22>  pages,  Svo.  Ofifice  of  the  Secretary:  Circular 
No.  yz.  Automobile  Registrations,  Licenses,  and  Revenues  in  the  United 
States,  1916.     15  pages,  Svo.     Washington,  Government  Printing  Office,  1917. 

U.  S.  Senate:  Book  Paper  Industry— Letter  from  the  Federal  Trade 
Commission  transmitting  a  preliminary  report  on  the  book  paper  industry.  11 
pages,  Svo.     Washington,  Government  Printing  Office,   191 7. 


CURRENT  TOPICS 


Outwitting  the  Deadly  Torpedo.  Axon.  {Sliif^piny  Illus- 
trated, July  14.  11J17.  }).  2y.) — It  is  always  a  thankless  task  to  throw 
cold  water  upon  the  enthusiasm  of  neophytes  who  attempt  to  solve 
prohlems  that  haflle  the  mind  of  trained  exi)erts  in  ship  construction, 
particularly  when  such  efforts  have  as  their  ol)ject  the  devisinj^^  of 
means  to  reduce  ship  losses  by  affording  protection  against  submarine 
attack.  Numerous  have  been  the  makeshifts  proposed  in  order  to 
afford  merchant  ships  some  measure  of  immunity  against  the  tor- 
pedo, and,  while  scientists,  naval  constructors,  and  others  have  so 
far  produced  nothing  which  they  would  conscientiously  recommend 
as  a  panacea,  a  host  of  amateurs  have  come  forward  with  schemes 
which  have  gained  in  popularity  through  advertisement  that  which 
they  intrinsically  lack  in  merit.  It  is  not  only  a  sheer  waste  of  time 
to  experiment  with  mechanical  puerilities,  but  a  source  of  danger, 
because  popular  enthusiasm  might  be  wrought  up  to  such  a  pitch 
as  to  force  the  adoption  of  this  or  that  device  before  any  steps  had 
been  taken  to  demonstrate,  by  experiment,  the  fallacy  of  the  premises 
upon  which  it  had  been  evolved.  These  remarks  are  suggested  by 
the  exhibition,  in  the  New  York  offices  of  the  Salvage  Association  of 
London,  of  a  torpedo  defence  for  merchant  ships,  which  consists  of 
steel  plates  suspended  about  12  feet  apart  from  the  ship's  sides  along 
the  machinery  space.  The  plates  are  about  three-eighths  inch  thick, 
suitably  braced  and  suspended  on  each  side  by  outriggers.  The  pro- 
tecting device  is  from  15  to  20  feet  deep,  the  top  edge  being  five 
feet  below  the  surface  of  the  water.  These  plates  are  in  the  form  of 
panels  so  that  they  can  be  roused  out  or  stow'ed  home  alongside  the 
vessel  in  sections  by  the  aid  of  hauling  lines  to  the  deck  winches. 
The  claim  made  by  this  defence  is  that  a  torpedo  would  explode  on 
impact  with  the  plate,  and  the  intervening  cushions  of  water  between 
the  panels  and  the  side  of  the  ship  would  absorb  the  explosive  energy 
of  the  torpedo's  w^arhead. 

Probably  the  well-meaning  people  who  have  endorsed  the  steel 
plate  defence  scheme  have  no  conception  of  what  a  high-speed  projec- 
tile of  the  modern  torpedo  type,  Aveighing  2700  pounds  and  charged 
with  over  300  poimds  of  trinitrotoluene,  is  capable  of  doing,  even 
if  exploded  at  a  very  considerable  distance  from  the  side  of  the 
vessel.  What  the  torpedo  has  proved  itself  incapable  of  doing  at  a 
distance  of  from  32  and,  in  some  cases,  50  feet  from  the  side  of  the 
vessel  certainly  cannot  be  done  by  a  rigid  device  of  the  character 
described.  In  conclusion,  it  is  well  to  inform  the  public  that  the 
Navy  Department  has  warned  inventors  against  wasting  time  and 
energy  on  the  production  of  torpedo-defence  schemes  which  con- 
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tcm])lalc  fastening  shields  or  plates,  iiKnahle  or  (jthervvise,  or  masses 
of  elastic  material,  on  the  outside  of  a  vessel  in  the  hope  of  either 
warding  oft  the  torj)edo  or  causing  it  to  expend  its  explosion  harm- 
lessly. Wire  nets  are  used  when  the  ship  is  at  anchor,  in  perfectly 
smooth  water,  or  moving  very  slowly,  but  they  are  practically  of 
no  avail  in  heavy  seas,  and,  besides,  are  liable  to  be  torn  off  and 
foul  the  screws.  In  many  instances,  also,  they  have  been  found 
easily  penetrable  by  a  high-powered  torpedo.  It  is  equally  useless 
to  arrange  big  electromagnets  on  a  vessel  for  the  puri)ose  of  making 
the  torpedo  swerve  and  so  avoid  the  shij).  They  have  an  unfor- 
tunate tendency — supposing  they  w^ork  at  all — to  attract  the  torpedo 
to  the  ship  instead  of  deflecting  it.  lUit,  of  all  schemes,  perhaps 
the  most  frivolous  is  for  untrained  minds  to  try  to  devise  novel 
methods  of  ship  construction  for  the  purpose  of  enabling  ships  to 
keep  afloat  after  being  torpedoed  amidships.  The  internal  sub- 
division of  ships  has  long  occupied  the  attention  of  naval  con- 
structors, and  it  is  folly  for  any  one  unversed  in  all  the  details  of 
naval  and  mercantile  ship  design  to  come  forward  with  suggestions 
that  show  a  priori  the  inventor's  lack  of  understanding  of  the  ele- 
ments of  that  branch  of  a|)plied  science  known  as  naval  construction. 

Military  Airplane  Photography.  A.  Brock,  Jr.  {Aviation,  vol. 
ii,  No.  8,  p.  347,  May  15,  191 7.) — As  early  as  1850  Captain  de 
Laussedat,  of  the  French  Engineer  Corps,  suggested  the  use  of 
photography  for  surveying,  and  as  a  direct  result  of  his  work 
attempts  were  made  to  take  photographs  from  captive  balloons  even 
prior  to  the  Civil  War.  Although  at  that  date  the  art  of  photography 
had  not  sufftciently  advanced,  nevertheless  photographic  surveying 
soon  became  a  success,  even  with  the  wet-plate  process,  and  w-ith 
the  introduction  of  the  dry-plate  the  method  was  adopted  by  a 
number  of  governments.  When  military  airplanes  came  into  use 
the  value  of  photogra'phy  for  correct  location  and  delineation  of 
objects  was  well  understood. 

The  primary  object  of  airplane  photography  is  to  obtain  a  com- 
plete and  perfect  record  of  that  part  of  the  terrain  seen  from  an 
airplane;  another  object  is  to  obtain  a  record  in  large  enough  scale 
to  permit  the  recognition  of  most  of  the  points  of  importance;  while 
a  third  is  to  permit  the  placing  of  the  various  objects,  as  seen  on  the 
photographs,  in  their  true  location  on  the  map.  The  employment 
of  dummy  guns,  tree  branches,  paint,  etc.,  to  create  a  false  im- 
pression was  practically  coincident  with  the  development  of  air- 
plane photography.  One  result  of  such  photographs  has  been  to 
change  entirely  the  manner  of  placing  field-guns.  Now,  a  well- 
marked  gun-pit  does  not  necessarily  denote  the  presence  of  a  gun, 
as  there  may  be  found  three  or  four  well-marked  gun-pits  to  each 
gun  in  actual  use. 

In  the  European  war  it  has  been  found  advantageous  to  obtain 
records  from  day  to  day  of  the  holes  made  by  high  explosive  shells 
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which  may  \)v  axailablc  for  cover  in  canyin^^  out  attacks.  'I'his 
led  to  ph()to^Mai)hs  larj^c  cnou^Hi  to  i)crniit  of  the  closest  i)ossil)]e 
identilication  in  the  neJ^^ati\e  or  print.  Until  (piite  recently  the 
average  scale  of  military  photographs  was  about  1/5000  actual 
size.  Since  this  is  the  scale  of  a  true  horizontal  i)hot()gra])h  with 
a  12-inch  lens  at  5000  feet  elevation,  with  the  increased  range  of 
anti-aircraft  gims,  in  some  instances,  lenses  of  extreme  focal  length 
were  used.  In  ])ractice,  placing  all  enemy  positions  in  their  true 
location  on  the  map  has  resulted  in  the  location  and  destructir)n 
of  tield-guns  a  few  hours  after  a  photographic  reconnaissance  lliglit. 

The  Case-hardening  of  Iron  by  Boron.  N.  Tschisciikwsky. 
(The  Mcc/iaiiical  Eiujuiccr,  vol.  xxxix,  No.  1007,  P-  34^^  May  11, 
1917;  from  Proceedings  of  the  Iron  and  Steel  Institute,  May, 
19 1 7.) — On  cooling  iron-boron  alloys,  the  boron  is  not  wholly  com- 
bined in  the  form  of  borides  of  iron,  but  a  proportion  of  it  is  left 
in  the  form  of  a  hard  solution.  This  phenomenon  suggests  the 
possibility  of  case-hardening  steel  by  boron  similarly  to  the  case- 
hardening  of  iron  by  carbon.  Alloys  of  iron  with  boron  are  so  re- 
markably hard  that  they  can  be  scarcely  attacked  with  an  emery 
wheel.  There  is  promise,  therefore,  in  the  technical  api)lication  of 
case-hardening  by  boron  of  a  feasible  technical  operation.  The  com- 
plete cementation  that  takes  place  in  carbon  steel  is  not  the  type 
of  operation  the  author  has  in  mind,  but  a  surface  cementation. 
It  is  more  convenient  to  obtain  a  ferro-boric  alloy  by  melting  on 
account  of  the  high  price  of  boron,  and  also  to  secure  its  complete 
use  without  wastage.  The  use  of  boron  is  not  perha])s  suitable 
for  armor  plates,  because  of  its  comparative  scarcity,  but  for  some 
machine  parts,  and  generally  where  much  wear  occurs,  boron  can 
be  applied  with  success.  Xo  special  heat  treatment  of  articles 
hardened  by  boron  is  necessary,  as  is  with  articles  case-hardened 
by  carbon. 

To  ascertain  the  conditions  of  case-hardening  by  boron,  cubes 
of  soft  iron  were  drilled  in  the  centre  to  a  depth  of  about  half  their 
length.  These  holes  were  filled  with  a  fine  amorphous  boron  or 
with  powdered  ferro-boron  and  the  holes  closed  by  iron  plugs.  In 
one  experiment  t\\  o  samples  were  heated  for  two  hours  in  an  ex- 
hausted silicon  tube  at  950°  C,  one  containing  amorphous  boron,  the 
other  powdered  ferro-boron.  Under  the  conditions  of  the  experi- 
ment it  was  ascertained  that  cementation  by  powdered  ferro-boron 
proceeds  more  easily  and  quickly  than  with  amorphous  boron. 
^Microscopical  examination  shows  that  the  hard  white  layer  of  the 
hardened  part  of  the  specimen  consists  of  compact  boric  pearlite  with 
a  twin  crystal  structure.  Case-hardening  at  a  lower  temperature 
yields  an  alloy  of  iron  containing  less  boron.  This  alloy  is  not  so 
hard  and  brittle  as  that  described.  In  order  to  render  the  process 
suitable  for  industrial  purposes  it  would  be  necessary  to  carry  out  a 
series  of  experiments  on  the  conditions  most  suitable  to  the  particu- 
lar purpose  in  \it\y. 
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Oxyacetylene  Welded  Versus  Screwed  Pipe  Connections. 
Anun.  {Acetylene  Joiimal,  \ul.  xviii,  No.  ii,  p.  604,  May,  1917.;  — 
Supplementing  tests  made  to  determine  the  relative  strength  in  ten- 
sion and  compression  of  oxyacetylene  welded  and  screwed  pipe  con- 
nections, under  the  direction  of  Prof.  F.  11.  Gibley,  in  the  machine 
construction  laboratory  of  the  L'niversity  of  Kansas,  reported  in 
the  March,  1916,  issue  of  the  Acetylene  Journal,  the  same  experi- 
menters have  completed  tests  on  the  strength  of  these  connections 
when  subjected  to  internal  hydraulic  pressure.  The  results  of  these 
tests  bear  out  the  conclusions  given  in  the  first  series,  namely:  (a) 
The  strength  of  the  welded  pipe  connection  is  practically  the  same 
as  that  of  unwelded  pi])e.  By  slightly  building  up  the  weld  it  can 
be  made  stronger  than  the  rest  of  the  pipe,  (b)  The  strength  of  the 
welded  pipe  connection  is  much  greater  than  that  of  malleable  iron 
screwed  fittings,  (c)  Although  a  careless  or  inexperienced  operator 
may  produce  a  leaky  joint,  nevertheless,  if  the  pipe  line  is  tested 
for  leaks  when  installed,  it  should  give  no  difificulty  in  service. 

The  pipe  samples,  which  were  cut  from  standard  black  steel  pipe, 
were  from  the  same  stock  and  hence  probably  of  imiform  quality. 
Malleable  iron  couplings  and  ties  were  used  for  the  screwed  connec- 
tions. The  pieces  for  the  butt  welds  were  cut  at  an  angle  of  about 
60  degrees  in  a  pipe-cutting  machine  to  get  the  necessary  "  V  "  groove 
for  welding.  The  "  T  "  welds  w^ere  made  by  cutting  a  hole  in  the 
run  and  butting  the  outlet  against  the  run.  The  ends  of  all  the 
specimens  were  sealed  by  welding  in  plugs  or  disks  of  boiler  plate. 
Hydraulic  pressure  was  supplied  by  means  of  a  small  pressure  pump 
made  for  the  work.  Welded  two-  and  three-inch  specimens  failed 
by  splitting  along  the  longitudinal  seams  of  the  pipe,  the  split  stop- 
ping at  the  w^eld.  A  four-inch  welded  specimen  bulged  under  the 
high  pressure,  but  did  not  fail  in  either  the  weld  or  pipe  seam.  Two 
of  the  screwed  connections  failed  by  a  tearing  apart  of  the  fitting 
at  the  thread.  The  bursting  pressures  of  the  screwed  connections 
were  far  below  those  of  the  welded  connections,  and  all  failed  in 
the  fitting.  Great  difificulty  was  experienced  in  testing  the  specimens 
made  up  with  screwed  fittings  because  the  leakage  through  sand 
holes  made  it  almost  impossible  to  reach  the  point  of  rupture.  Only 
one  case  occurred  in  which  there  was  failure  at  the  weld,  and  that 
was  merely  a  leak  which  did  not  develop  until  a  pressure  of  3850 
pounds  per  square  inch  was  applied. 

Reducing  Noise  and  Flash  of  Guns.  N.  Flamel.  {Scientific 
American  Supplement,  vol.  Ixxxiii,  No.  2158,  p.  300,  ^Mav  12,  1917. 
Translated  from  La  Nature.) — To  see  unseen  and  to  hear  unheard 
are  the  two  greatest  factors  of  success  in  tactics  and  in  strategy.  Bat- 
teries no  longer  belch  forth  clouds  of  smoke  to  reveal  their  position. 
This  we  owe  to  Mr.  Vieille,  who  was  the  first  to  achieve  a  really  stable 
powder.  Nowadays,  smoke  plays  a  part  in  war  only  to  form  a  mo- 
mentary mark  or  for  signalling.    Though  it  has  been  possible  to  sup- 
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l)ress  smoke  by  the  use  of  powders  that  contain  no  mineral  sub- 
stances, or  pure  nilroj^lycerin,  it  has  not  been  i)ossible  to  suppress 
tlame  or  flash.  The  (iermans  were  the  first  to  try  to  diminish  flashes 
by  adding  to  j)owders  very  small  quantities  of  the  salts  of  fixed 
alkalies  or  of  the  alkaline  earth  metals,  such  as  the  salts  of  calcium. 
They  did  not  succeed.  With  cannon  the  flash  always  exists,  though 
it  may  be  diminished ;  but  the  moment  the  flame  becomes  less  visible, 
smoke  appears,  and  in  the  same  measure  that  the  flash  diminishes  in 
intensity  the  quantity  of  smoke  is  augmented ;  that  is,  the  sum  total  of 
flame  plus  smoke  remains  constant.  Nevertheless  there  has  been 
some  progress  achieved,  and  the  attenuation  of  the  flame  with  a 
very  light  smoke  is  a  satisfactory  solution  in  the  majority  of  cases. 
After  nightfall  the  slightest  flash  reveals  a  gun,  while  smoke  ceases 
to  be  visible  and  matters  so  little  at  night  that  black  powders  have 
often  been  used. 

It  is  possible  to  arrive  at  a  general  solution  of  flash  and  noise  bv 
mechanical  means,  and  it  is  essential  to  suppress  noise  as  well  as  flash. 
These  all  resemble  in  general  principle  the  familiar  mufller  used  to 
silence  the  exhaust  of  the  gas  engine.  In  these  devices  the  spent 
gases  are  diverted  into  a  series  of  tortuous  passages  enclosed  in  a  cas- 
ing aftixed  to  the  muzzle  in  which  they  become  cooled  and  lose  much 
of  their  kinetic  energy  before  escaping  to  the  surrounding  air. 
Numerous  devices  of  this  type  have  been  designed  and  successfully 
used  on  rifles,  but  they  do  not  appear  to  have  been  found  applicable 
to  the  larger  calibred  ordnance.  The  Maxim  silencer  embodying 
this  principle  has  been  commercially  produced  in  this  country  and 
exploited  to  a  considerable  extent  for  use  with  sporting  rifles. 

Automobile  Storage  Batteries.  W.  C.  Brooks.  (Proceedings 
of  the  Anicrlcaii  Electrocheniica!  Society,  ]\Iay  2-5,  1917.) — Follow- 
ing the  invention  of  the  pasted-plate  type  of  lead  storage  battery  in 
1880  by  Faure  in  France  and  Brush  in  America,  there  has  been 
no  rival  to  this  form  of  accumulator  in  portable  service  where  high 
capacity  per  unit  of  weight  is  desired.  It  was  therefore  natural  for 
this  form  of  accumulator  to  develop  into  the  present-day  automobile 
storage  battery.  It  has  only  one  competitor,  the  nickel-iron  cell, 
which,  due  to  its  high  initial  cost,  internal  resistance,  and  compara- 
tive bulkiness,  is  at  present  restricted  to  certain  classes  of  industrial 
truck  service.  The  nickel-iron  cell  is  not  used  at  all,  to  the  writer's 
knowledge,  in  starting  service  in  gasoline  cars.  No  Plante  or  electro- 
chemically  formed  pure  lead  plate  batteries  which  are  so  familiar 
in  central  station  and  car  lighting  service  are  used  on  automobiles, 
on  account  of  the  low  capacity  per  unit  of  weight  and  the  difficulty 
of  making  a  compact  assembly,  due  to  expansion  of  the  positive 
plate  in  service.  The  automobile  storage  battery  has  therefore  come 
to  mean  some  compact,  light  form  of  pasted  lead-plate  element, 
generally  in  hard-rubber  jars  with  thin  wood  separators.  These 
cells  are  assembled  into  a  battery  with  lead-alloy  connectors  and 
held  in  position  by  a  hardwood  case  or  tray. 
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There  are  tlircc  ji^cneral  divisifjiis  of  service  for  automobile 
storage  batteries:  ignition,  starting,  and  motive  power.  Ignition 
service  is  the  first  for  which  storage  batteries  were  api)He(l  on 
gasohne  cars.  The  discharge  was  extremely  low.  one-fourth  to  one 
amjiere  intermittently  over  a  period  of  a  month  to  a  year.  The 
batteries  were  charged  at  some  serxice  station  w  lienever  the  user 
judged  the  batter\'  to  be  exhausted.  The  storage  batter}'  ]jro\ed 
fairly  satisfactory  for  such  service,  but  would  have  been  displaced 
by  the  dry  cell  and  magneto,  had  not  the  develoi)ment  of  the  high- 
efhciency  tungsten  lami)s  made  possible  electric  lights.  Then  the 
storage  battery  became  the  only  means  to  supply  continuously  the 
current  for  both  lights  and  ignition.  A  few  makers  ])laced  a  genera- 
tor on  the  engine  to  keep  the  battery  charged. 

The  next  development  was  the  cranking  motor.  The  cranking 
motor  and  the  battery  to  run  it  solved  the  last  major  problem  in 
popularizing  the  gasoline  automobile.  This  service  demands  some- 
thing entirely  different  from  the  battery.  It  not  only  has  to  furnish 
ignition  for  the  engine,  but  current  for  several  lights  and  energy 
up  to  one  or  two  horsepower  to  start  the  engine.  Thus  the  demand 
changed  abruptly  from  a  fraction  of  an  ampere  to  several  amperes 
continuously  for  lights  and  periodically  lOO  to  400  amperes  for  a  few 
seconds,  or  even  minutes,  to  crank  the  motor. 

Electric  vehicles  were  the  first  to  use  storage  batteries,  so  it  is 
in  this  service  that  the  automobile  battery  has  really  developed, 
starting  batteries  being  merely  a  modification  of  vehicle  battery 
construction.  This  service  demands  for  pleasure  cars  60  to  80  volts 
and  25  to  50  amperes  for  four  to  six  hours'  continuous  discharge. 
The  discharge  is  intermittent,  generally  exhausting  the  battery  about 
twice  a  w^eek.  Frequently,  however,  the  battery  is  recharged  before 
it  is  exhausted.  The  discharge  rate  is  variable  and  batteries  are  often 
poorly  cared  for.  Electric  trucks  require  from  80  to  85  volts  and 
25  to  400  amperes,  depending  upon  size  of  truck,  grade  of  road, 
load,  and  speed.  The  heaviest  current  demand  is  on  fire  department 
ladder  wagons,  but  the  hardest  service  is  on  heavy  trucks  making 
long  hauls  which  exhaust  the  battery  daily. 

Gravity  Batteries  of  Lov^  Local  Action.  Axox.  (Revue  Sci- 
entifique,  vol.  55,  No.  7,  p.  208,  March  24-31,  April  7,  1917.) — The 
depolarization  of  primary  batteries  by  means  of  oxygen  in  the  air  has 
often  been  attempted  without  much  success.  Oxygen,  which  is  the 
depolarizer  par  excellence,  available  in  the  air  in  unlimited  quantities 
and  readily  soluble  in  water,  is  apparently  a  most  direct  means  to 
this  end.  The  principal  reason  for  the  inefficacy  of  air  as  a  depolar- 
izer is  that  in  all  batteries  the  zinc  electrode  occupies  the  full  height 
of  the  jar.  It  is  easily  understood  that  the  small  quantity  of  oxy- 
gen which  dissolves  at  the  surface  attacks  the  zinc  and,  being  thus 
combined,  is  evidentlv  useless  as  a  depolarizer.  Another  disadvan- 
tage of  this  local  action  of  the  oxygen  on  the  zinc  is  that  the  elec- 
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trodc  is  rapidlv  worn  away  at  the  surface  of  the  h(iui(l,  witli  a  con- 
seiiiieiit  loss  in  ethciencv.  These  eilecls  are  particularly  emphasized 
in  open-circuit  batteries.  An  obvious  remedy  is  to  arrange  the  zinc 
element  at  the  bottom  of  the  jar  with  the  lower  part  of  the  carbon 
brought  as  near  to  it  as  ])ossible  to  reduce  internal  resistance. 

To  verify  this  hypothesis  Mr.  Ch.  Fery  constructed  a  cell 
{Socictc  Fraucaisc  dc  Physique,  January  16,  1917)  consisting  of  a 
sheet  of  zinc  45  millimetres  scjuare,  ])rovided  with  an  insulating 
winding  of  twine  in  cross  form.  U])on  this  rested  a  carbon  cylinder 
32  millimetres  outside  diameter.  The  battery  contained  150  c.c.  of 
an  eight  per  cent,  solution  of  ammonium  chloride.  This  element  was 
discharged  through  a  resistance  of  80  ohms  for  42  days.  The  for- 
mation of  zinc  chloride  should  have  yielded  six  amjjere-hours,  while 
the  actual  yield  was  nine  ampere-hours,  showing  that  the  action 
of  oxygen  from  the  air  not  only  depolarizes,  but  also  contributes  to 
the  consumption  of  the  zinc.  At  the  beginning  of  the  discharge 
the  voltage  was  0.87  volt ;  at  the  end,  0.52  volt.  Crystals  of  ammo- 
nium-zinc oxvchloride  of  zinc  are  formed  at  mid-point  on  the  car- 
bon, but  at  neither  the  top  nor  bottom.  Depolarization  takes  place 
very  rapidly  as  soon  as  action  ceases  on  opening  the  circuit.  This 
action  is  readily  explained.  The  lower  end  of  the  carbon  near  the 
zinc  is  strongly  polarized,  while  the  upper  part  in  contact  with  the 
air  is  not  polarized.  When  the  circuit  is  opened,  currents  are  formed 
between  the  two  extremities  of  the  positive  electrode,  which  oper- 
ates like  a  gas  battery  on  short  circuit.  A  large  element  wdiich  dis- 
charged for  seven  months  through  a  resistance  of  100  ohms  de- 
livered 43.75  ampere-hours  with  a  consumption  of  1.24  grammes  of 
zinc  per  ampere-hour;  the  theoretical  consumption  is  1.228  grammes. 

The  Modern  Automobile  Torpedo.  E.  F.  Chaxdlkr.  {Scien- 
tific American,  vol.  cxvi,  Xo.  22,  p.  548,  June  2,  1917.) — It  was  the 
submarine  that  really  brought  out  the  full  possibilities  of  torpeda 
attack,  simply  because  of  its  ability  to  make  its  way  within  easy 
range  without  exposing  itself  to  gunfire.  The  tactical  possibilities 
of  the  submarine  have  led  to  the  development  of  a  torpedo  espe- 
cially adapted  for  submarine  use — a  short-range  weapon  carrying 
a  charge  of  about  400  pounds  of  explosive,  which  is  30  or  35 
greater  than  that  which  fills  the  warhead  of  the  standard  torpedo. 
This  end  has  been  attained  by  employing  weight  and  space  pre- 
viously given  up  to  the  propelling  medium  not  needed  when  oper- 
ating at  such  short  ranges  as  300  or  600  yards  at  which  the  sub- 
marine strikes. 

The  earliest  tor])edo  was  merely  a  tapered  wooden  spar,  capped 
with  an  explosive  head  and  capable  of  being  projected  over  short 
distances.  It  soon  gave  way  to  a  shell  containing  a  propelling 
system.  But,  in  spite  of  its  increased  speed  and  superiority  to 
the  tapered  wooden  spar,  this  form  of  torpedo,  with  a  range  of 
about  500  yards,  was  far  too  erratic,  even   though  brought  to 
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.'I  hi^h  state  of  incclianical  perfection.  It  was  tlie  introduction 
of  the  ji^yroscopc  that  j^a\'e  us  the  nKxh-rn  automobile  torpedo 
in  providing  a  means  of  accurately  mainlaininj^  its  course  and 
permittiui^  a  nearly  doubled  efTective  ran<^e. 

As  is  well  known,  the  bod\'  of  tlu;  tori)echj  consists  oi  a  spindle- 
like shell  of  circular  cross-seCtion,  ta])ering  towards  the  after  end 
and  provided  at  the  forward  end  with  an  exj)losive  charge  ar- 
ranged to  exi)lode  on  impact,  and  a  i)air  of  driving  propellers 
and  steering  gear  at  the  after  end.  The  intermediate  space  is 
occupied  by  a  compressed-air  tank,  engine  for  driving  the  pro- 
pellers, and  auxiliaries.  The  early  torpedo  was  driven  by  com- 
pressed air  stored  in  the  tank  at  2000  pounds  ])er  square  inch, 
driving  a  three-cylinder  reciprocating  engine  at  a  pressure  of 
200  pounds  per  square  inch,  controlled  by  a  reducing  valve.  In 
order  to  increase  the  range  of  the  weapon,  the  air  was  heated  by 
means  of  an  alcohol  flame  at  the  exit  orifice  within  the  tank.  The 
alcohol  was  ignited  by  a  cartridge  fired  at  the  moment  of  dis- 
charge. This  heating  of  the  air  had  the  additional  advantage 
of  eliminating  freezing,  which  had  always  been  a  serious  draw- 
back w^hen  cold  compressed  air  was  used. 

The  modern  torpedo,  with  a  range  of  5000  yards  at  36  knots. 
is  equipped  with  the  same  operating  and  controlling  elements 
as  the  earlier  type  of  weapon.  The  remarkable  strides  that 
have  been  made  are  due  wholly  to  improvements  in  type  and 
design  of  the  component  elements.  For  example,  the  air  heater 
is  now  placed  outside  of  the  tank,  and  the  engine  is  of  the 
turbine  type.  In  the  earlier  short-range  torpedoes  the  gyro- 
scope was  spun  by  means  of  a  spring  which  rotated  the  wheel  at 
high  speed  by  a  sudden  impulse.  When  the  range  was  increased 
and  it  became  necessary  to  store  a  greater  amount  of  energy  in 
the  gyroscope  during  the  short  launching  period  of  the  torpedo — 
about  a  sixth  of  a  -second — it  became  apparent  that  a  more 
powerful  impulse  was  necessary.  As  a  consequence  the  spring 
drive  has  been  replaced  by  a  small  turbine  driven  by  compressed 
air.  By  this  device  the  el^ciency  of  the  gyroscope  when  re- 
leased from  connection  with  its  driving  mechanism  retains  its 
original  plane  of  rotation,  and  any  change  in  the  course  changes 
the  relative  position  of  the  gyroscope's  axis  and  adjacent  struc- 
ture. This  angular  movement  is  arranged  to  operate  a  compressed- 
air  relay  controlling  the  vertical  rudders,  and  so  any  deviation 
from  the  course  determined  by  the  plane  of  rotation  of  the  gyro- 
scope is  immediately  corrected. 

The  torpedo  is  maintained  in  an  even  keel  and  at  constant 
depth  by  the  combined  action  of  a  fore-and-aft  pendulum  and  a 
hydrostatic  spring  balance  which  control  the  compressed-air  motor 
operating  horizontal  rudders.  Any  slight  tilt  changes  the  angular 
position  of  the  pendulum,  and  any  change  in  depth  the  hydro- 
static  pressure   on  the   discharge,   either   of   which   immediately 
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operates  tlu'  liorizontal  rudder  control.  I'y  this  means  the  torpedo 
travels  in  a  somewhat  sinuous,  though,  on  tlie  w  liok*,  substantially 
straight,  course,  at  a  mean  distance  bek)w  the  surface  closely 
ai)proximating  the  set  depth.  With  this  hydroplane  control  of 
the  depth  and  level  position,  the  torpedo  mav  have  either  ])(jsi- 
tive  or  negati\e  buoyancy  :  that  is,  it  may  be  arranged  to  either 
sink  or  float  when  not  in  motion.  When  the  warhead  or  explosive 
charge  is  attached,  it  is  arranged  to  sink  when  not  in  motion, 
but  with  a  blank  head  for  practice  work  it  is  arranged  to  float  for 
easy  recovery.  The  explosive  charge  is  detonated  by  means  of 
a  tiring  pin  and  primer.  Normally  the  pin  is  locked  in  the  safety 
position  by  a  nut ;  but  when  the  torpedo  is  hred.  the  water  causes 
a  little  propeller  at  the  entrance  point  of  the  warhead  to  rotate 
and  unscrew  the  nut.  leaving  the  firing  pin  free  to  be  pushed 
back  when  the  torpedo  strikes  the  side  of  the  ship,  thereby  de- 
tonating the  charge. 

Replacing  Steam  Hammer  with  Electric  Drive.  Axox.  Elec- 
trical World,  vol.  69,  No.  25,  p.  1209,  June  23,  1917.)— The  Cumber- 
land County  Power  and  Light  Company  of  Portland,  Me.,  has 
recently  been  successful  in  the  conversion  of  steam-hammer  equip- 
ment to  electro-pneumatic  service,  a  pioneer  installation  being 
made  at  the  plant  of  the  Marine  Hardw^are  and  Equipment 
Company.  At  this  plant  a  1200-pound  Bement-Niles  steam 
hammer  was  in  service,  steam  at  about  90  pounds  per  square 
inch  being  required  for  many  hours  daily.  To  avoid  condensation 
troubles,  it  was  necessary  to  run  the  hammer  practically  con- 
tinuously. As  electric-motor  drive  had  been  adopted  for  other 
purposes  throughout  the  plant,  it  was  found  possible  to  do  away 
with  the  demand  for  continuous  high-pressure  steam  by  adapt- 
ing the  steam  hammer  to  air  operation  and  installing  a  motor- 
driven  compressor  to  supply  air  for  this  purpose  and  other 
requirements. 

The  valve  of  the  steam  hammer  was  rebuilt  for  a  fit  of  0.0025 
inch  compared  with  a  previous  fit  of  0.005  inch  under  steam 
service.  The  Hardware  company  purchased  a  50-horsepow'er, 
220-volt,  three-phase,  W^estinghouse  squirrel-cage  induction 
motor  designed  for  900  revolutions  per  minute,  and  belted  it  to  a 
12-inch  by  7-inch  by  12-inch  Sullivan  compressor  delivering  air 
at  90  pounds  to  the  storage  tank  supplying  the  compressor.  A 
branch  exhaust  terminating  at  two  ^-inch  pipes  led  down  the 
frame  of  the  hammer  to  outlets  directed  upon  the  working  anvil 
surface,  so  that  all  chips  and  scale  are  immediately  blown  away 
in  operation.  It  was  found  that  harder  and  quicker  blows  could 
be  struck  than  under  steam  conditions.  Control  of  the  hammer 
is  obtained  bv  a  foot  valve  and  lever. 
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Droop  of  Guns.  J.  W.  HrxKMCV.  {knifed  Stairs  Xaz'al 
Institute  /'roii'idiiif/s,  xol.  43.  No.  172,  p.  46,  June,  1917.) — Drooj) 
may  \)v  dv\\nv{\  as  tlic  IxMiding  of  a  jj^un  due  to  the  elasticity  of 
the  im-tal  and  to  the  imperfections  in  the  mainifacture  of  tlie 
ij^uu.  It  may  ])e  exjjressed  also  as  the  anjj^le  that  the  linal  tanj^ent 
of  the  curved  bore  makes  with  the  axis  of  the  gun  at  the  breech, 
riu'  subject  of  droop  in  guns  has  only  lately  received  considerable 
atteution,  because  it  is  only  in  recent  designs  that  the  length  has 
been  great  enough  to  ])roduce  any  api)recial)le  bending.  In 
guns  of  12-inch  calil)re  and  larger  the  length  of  the  bore  forward 
.of  the  trunnions  has  become  so  great  that  the  bending  can  be 
detected  by  the  unaided  eye.  In  some  cases  the  droo])  has  been 
found  to  be  more  than  one-half  an  inch.  The  deflection  of  the 
actual  gun  will  never  be  less  than  this  com])ute(l  amount,  but 
will  be  greater,  according  to  the  conditions  of  assemblage.  1  he 
causes  of  droop  of  guns  may  be  divided  into  three  general  heads, 
namely :  Elasticity  of  metal ;  design  of  gun ;  imperfection  in 
the  manufacture  of  the  gun. 

A  formula  has  been  developed  by  Ordnance  Engineer  Jeansen 
for  computing  the  deflection  of  heavy  guns.  This  formula  gives 
the  deflection  of  droop  of  a  gun  caused  by  its  own  weight,  con- 
sidering the  gun  as  a  beam,  irrespective  of  the  system  of  assem- 
bling or  locking  the  various  pieces  of  the  gun  together.  The 
depression  of  a  gun  is  the  theoretical  bending  of  the  elastic  gun 
under  ideal  conditions.  The  flexure  of  a  long  gun,  due  to  the 
unsupported  weights  in  front  of  the  cradle,  is  modified  to  a  con- 
siderable extent  by  a  general  difiference  of  temperature.  The 
manufacturer  of  guns  also  plays  an  important  part  in  the  amount 
of  droop. 

I  Considered  as  a  solid  elastic  beam,  the  problem  of  finding  the 
deflection  of  a  gun  does  not  differ  from  that  of  determining 
the  deflection  of  a  beam  of  variable  cross-section  occurring  in 
structural  design.  A  method  possessing  the  merit  of  avoiding  the 
need  of  such  a  formidable  expression  as  derived  by  the  author 
is  given  in  Engineering  Nezvs,  vol.  ii,  page  340,  1907.  It  entails 
considerable  labor  in  computation,  but  it  does  not  require  refer- 
ence to  special  notes  or  formulas  that  cannot  be  easily  remem- 
bered. This  method  is  also  described  in  the  latest  edition  of 
Johnston,  Bryan  and  Turneaure's  "  Modern  Framed  Structures  " 
and  elsewhere. — Ed.] 
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Professor  of  Physics,  University  of  Chicago. 

Recent  developments  in  the  domain  of  radiation  are  of 
extraordinary  interest  and  suggestiveness,  but  they  lead  into 
regions  in  which  the  physicist  sees  as  yet  but  dimly — indeed, 
even  more  dimly  than  he  thought  he  saw  twenty  years  ago. 

But  while  the  beauty  of  a  problem  solved  excites  the  admira- 
tion and  yields  a  certain  sort  of  satisfaction,  it  is  after  all  the 
unsolved  problem,  the  quest  of  the  unknown,  the  struggle  for 
the  unattained,  which  is  of  most  universal  and  most  thrilling 
interest.  I  make  no  apologies,  therefore,  for  presenting  to-night 
one  of  the  great  unsolved  problems  of  modern  physics,  nor  for 
leaving  it  with  but  the  vaguest  of  suggestions  toward  a  solution. 

The  newest  of  the  problems  of  physics  is  at  the  same  time 
the  oldest.  For  nothing  is  earlier  in  the  experiences  either  of 
the  child  or  of  the  race  than  the  sensation  of  receiving  light 
and  heat  from  the  sun.  But  how  does  light  get  to  us  from  the 
sun  and  the  stars  through  the  empty  interstellar  spaces?  The 
Greeks  answered  this  query  very  simply  and  very  satisfactorily 
from  the  standpoint  of  people  who  were  content  with  plausible 
explanations  but  had  not  yet  learned  perpetually  to  question 
nature  experimentally  as  to  the  validity  or  invalidity  of  a  con- 
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elusion.  They  said  that  the  sun  and  all  radiators  of  light  and 
heat  must  shoot  off  minute  eorpuseles  whose  inipaet  upon  the 
eye  or  skin  produces  the  sensations  of  light  and  warmth. 

This  corpuscular  theory  was  the  generally  accepted  one  u]) 
to  1800  A.D.  It  was  challenged,  it  is  true,  about  16S0  by  the 
Dutch  physicist  Iluygens,  who,  starting  with  the  observed  phe- 
nomena of  the  transmission  of  water  waves  over  the  surface  of  a 
pond  or  of  sound  waves  through  the  air,  argued  that  light  might 
be  some  vibratory  disturbance  transmitted  by  some  medium 
which  fills  all  interstellar  space.  He  postulated  the  existence  of 
such  a  medium,  which  was  called  the  luminiferous  or  light- 
bearing  ether. 

Partly  no  doubt  because  of  Newton's  espousal  of  the  cor- 
puscular theory,  the  ether  or  wave  theory  gained  few  adher- 
ents until  some  facts  of  interference  began  to  appear  about  1800 
which  baffled  explanation  from  the  standpoint  of  the  corpuscu- 
lar theory,  but  which  were  easily  handled  by  its  rival.  During 
the  nineteenth  century  the  evidence  became  stronger  and  stronger, 
until  by  its  close  the  corpuscular  theory  had  been  permanently 
eliminated  for  four  different  reasons:  (i)  The  facts  of  inter- 
ference were  not  only  found  inexplicable  in  terms  of  it,  but 
they  were  completely  predicted  by  the  wave  theory.  (2)  The 
fact  that  the  speed  of  propagation  of  light  was  experimentally 
found  to  be  greater  in  air  than  in  water  was  in  accord  with  the 
demands  of  the  ether  theory,  but  directly  contrary  to  the  de- 
Cff^"^,  mands  of  the  wave  theory.  (3)  Wireless  waves  had  appeared  and 
had  been  shown  to  be  just  like  light  waves  save  for  wave-length, 
and  they  had  been  found  to  pass  over  continuously,  with  in- 
creasing wave-length,  into  static  electrical  fields  such  as  could  not 
possibly  be  explained  from  a  corpuscular  point  of  view.  (4) 
The  speed  of  light  had  been  shown  to  be  independent  of  the 
speed  of  the  source  as  demanded  by  the  ether  theory  and  de- 
nied by  the  corpuscular  theory. 

By  1900,  then,  the  ether  theory  had  become  apparently  im- 
pregnably  intrenched.  A  couple  of  years  later  it  met  with  some 
opposition  of  a  rather  ill-considered  sort,  as  it  seems  to  me. 
from  a  group  of  extreme  advocates  of  the  relativity  theory,  but 
this  theory  is  now  commonly  regarded,  I  think,  as  having  no 
bearing  whatever  upon  the  question  of  the  existence  or  non- 
existence of  a  luminiferous  ether.     For  such  an  ether  was  called 
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into  beiiif:^  solely  for  the  sake  of  furnishing  a  carrier  for  electro- 
magnetic waves,  and  it  obviously  stands  or  falls  with  the  exist- 
ence of  such  waves  in  zxhuo.  and  this  has  never  been  (juestioned 
by  anyone  so  far  as  I  am  aware. 

Up  to  1903,  then,  the  theory  which  looked  upon  an  electro- 
magnetic wave  as  a  disturbance  which  originated  at  some  point 
in  the  ether  at  which  an  electric  charge  was  undergoing  a  change 
in  speed,  and  was  propagated  from  that  point  outward  as  a 
spherical  wave  or  pulse,  the  total  energy  of  the  disturbance  being 
always  spread  uniformly  over  the  wave  front,  had  met  with  no 
serious  question  from  any  source.  Indeed,  it  had  been  extra- 
ordinarily successful,  not  only  in  accounting  for  all  the  known 
facts,  but  in  more  than  one  instance  in  predicting  new  ones.  The 
first  difficulty  appeared  after  the  discovery  of  the  electron  and 
in  connection  with  the  relations  of  the  electron  to  the  absorption 
or  emission  of  such  electromagnetic  waves.  It  was  first  jxiinted 
out  in  1903  by  Sir  J.  J.  Thomson  in  his  Silliman  lectures  at  Yale. 
It  may  be  stated  thus  : 

X-rays  unquestionably  pass  over,  or  past,  all  but  an  exceed- 
ingly minute  fraction,  say  one  in  a  thousand  billion,  of  the  atoms 
contained  in  the  space  traversed  without  spending  any  energy 
upon  them  or  influencing  them  in  any  observable  way.  But 
here  and  there  they  find  an  atom  from  which,  as  is  shown  di- 
rectly in  C.  T.  R.  Wilson's  photographs  here  presented  on  the 
screen,  they  hurl  a  negative  electron  with  enormous  speed.  This 
is  the  most  interesting  and  most  significant  characteristic  of 
X-rays,  and  one  which  distinguishes  them  from  the  "-  and 
/3-rays  just  as  sharply  as  does  the  property  of  non-deviability  in 
a  magnetic  field;  for  neither  «-  nor  ^-rays  ever  eject  electrons 
from  the  atoms  through  which  the}'  pass  with  speeds  com- 
parable with  those  produced  by  X-rays,  else  there  would  be 
new  zigzag  lines  branching  out  from  points  all  along  the  paths 
of  the  a-  and  ^S-particles  shown  in  the  Wilson  photographs. 

But  this  property  of  X-rays  introduces  a  serious  difficulty 
into  the  ether  theory.  For  if  the  electric  intensity  in  the  wave 
front  of  the  X-ray  is  sufficient  thus  to  hurl  a  corpuscle  with 
huge  energy  from  one  particular  atom,  why  does  it  not  at  least 
detach  corpuscles  from  all  of  the  atoms  over  which  it  passes? 

Again  when  ultra-violet  light  falls  on  a  metal  it,  too,  like 
X-rays  is  found  to  eject  negative  electrons.     This  phenomenon 
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of  the  emission  of  corpuscles  under  the  inliuence  of  li<;ht  is  called 
tiie  photo-electric  effect.  Lenard  ^  iirst  made  the  astonishing  dis- 
covery that  the  energy  of  ejection  of  the  corpuscle  is  altogether 
inde])endent  of  the  intensity  of  the  light  which  causes  the  ejection, 
no  matter  whether  this  intensity  is  varied  by  varying  the  dis- 
tance of  the  light  or  by  introducing  absorbing  screens.  I  have 
myself  -  subjected  this  relation  to  a  very  precise  test  and  found 
it  to  hold  accurately.  Furthermore,  this  sort  of  independence 
has  also  been  established  for  the  negative  electrons  emitted  by 
both  X-  and  'V-rays. 

Facts  of  this  sort  are  evidently  difficult  to  account  for  on 
any  sort  of  a  spreading-wave  theory.  But  it  will  be  seen  that 
they  lend  themselves  to  easy  interpretation  in  terms  of  a  cor- 
puscular theory,  for  if  the  energy  of  an  escaping  electron  comes 
from  the  absorption  of  a  light-corpuscle,  then  the  energy  of  emis- 
sion of  the  ejected  electron  ought  to  be  independent  of  the  dis- 
tance of  the  source,  as  it  is  found  to  l^e,  and  furthermore,  cor- 
puscular rays  would  hit  but  a  very  minute  fraction  of  the  atoms 
contained  in  the  space  traversed  by  them.  This  would  explain, 
then,  both  the  independence  of  the  energy  of  emission  upon  in- 
tensity and  the  smallness  of  the  number  of  atoms  ionized. 

In  view,  however,  of  the  four  sets  of  facts  mentioned  above, 
Thomson  found  it  altogether  impossible  to  go  back  to  the  old 
and  exploded  form  of  corpuscular  theory  for  an  explanation  of 
the  new  facts  as  to  the  emission  of  electrons  under  the  influence 
of  ether  waves.  He  accordingly  attempted  to  reconcile  these 
troublesome  new  facts  wath  the  wave  theory  by  assuming  a 
fibrous  structure  in  the  ether  and  picturing  all  electromagnetic 
energy  as  traveling  along  Faraday  lines  of  force  conceived  of  as 
actual  strings  extending  through  all  space.  Although  this  con- 
cept, which  we  shall  call  the  ether-string  theory,  is  like  the  cor- 
puscular theory  in  that  the  energy,  after  it  leaves  the  emitting 
body,  remains  localized  in  space,  and,  when  absorbed,  is  absorbed 
as  a  whole,  yet  it  is  after  all  essentially  an  ether  theory.  For 
in  it  the  speed  of  propagation  is  determined  by  the  properties 
of  the  medium  and  has  nothing  to  do  with  the  nature  or  con- 
dition of  the  source.  Thus  the  last  three  of  the  fatal  objec- 
tions to  a  corpuscular  theory  are  not  here  encountered.     As  to 
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tlic  first  one,  no  one  has  yet  shown  that  Thomson's  suj^^g^estion  is 
reconcilal)le  with  the  facts  of  interference,  tlion^^h  so  far  as  I 
know,  neither  lias  its  irreconcihihihty  l)een  as  yet  ahsokitely 
demonstrated. 

lUit  interference  aside,  all  is  not  simple  and  easy  for  Thom- 
son's theory.  For  one  encounters  serious  difticulties  when  he 
attempts  to  visualize  the  universe  as  an  infinite  cobweb  whose 
threads  never  become  tanj^^led  or  broken  however  swiftly  the 
electrical  charges  to  which  they  are  attached  may  be  flying  about. 

Yet  the  boldness  and  the  difficulties  of  Thomson's  "  ether- 
string  "  theory  did  not  deter  Einstein'^  in  1905  from  making  it 
even  more  radical.  In  order  to  connect  up  with  some  results  to 
\vhich  Planck,  of  BerHn,  had  been  led  in  studying  the  facts  of 
black-body  radiation,  Einstein  assumed  that  the  energy  emitted 
by  any  radiator  not  only  kept  together  in  bunches  or  quanta  as 
it  traveled  through  space,  as  Thomson  had  assumed  it  to  do,  but 
that  a  given  source  could  emit  and  absorb  radiant  energy  only 
in  units  which  are  all  exactly  equal  to  hi\  v  being  the  natural 
frequency  of  the  emitter  and  //  a  constant  which  is  the  same  for 
all  emitters. 

I  shall  not  attempt  to  present  the  basis  for  such  an  assump- 
tion, for,  as  a  matter  of  fact,  it  had  almost  none  at  the  time. 
But  whatever  its  basis,  it  enabled  Einstein  to  predict  at  dnce  that 
the  energy  of  emission  of  corpuscles  under  the  influence  of  light 
would  be  governed  by  the  equation 

Vjiiiv'  —\'e  =  h-.  —  p   (41 ) 

in  wdiich  //  v  is  the  energy  absorbed  by  the  electron  from  the  light 
wave  or  light  quantum,  for  according  to  the  assumption  it  w^as 
the  whole  energy  contained  in  that  quantum,  p  is  the  w^ork  neces- 
sary to  get  the  electron  out  of  the  metal,  and  ^mz/^  is  the  energy 
with  which  it  leaves  the  surface — an  energy  evidently  measured 
by  the  product  of  its  charge  e  by  the  potential  difference  V 
against  which  it  is  just  able  to  drive  itself  before  being  brought 
to  rest. 

At  the  time  at  which  it  was  made  this  prediction  was  as  bold 
as  the  hypothesis  which  suggested  it,  for  at  that  time  there  were 
available  no  experiments  w^hatever  for  determining  anything 
about  how  the  positive  potential   V  necessary  to  apply  to  the 
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illuiiiinated  electrode  to  stoj)  the  (liscliar<;e  of  negative  electrons 
from  it  under  the  inllnence  of  nionochn^niatic  light  varied  with 
the  frequency  r  of  the  light,  or  whether  the  quantity  h  to  which 
IManck  had  already  assigned  a  numerical  value  aj)|)eare(l  at  all  in 
connection  with  photo-electric  discharge.  We  are  confronted, 
however,  hy  the  astonishing  situation  that  after  ten  years  of  work 
at  the  Ryerson  Lahoratory  and  elsewhere  in  the  discharge  of  elec- 

Ficj.    I. 


Photograph  of  apparatus  used  for  the  photo-electric  determination  of  Planck's  h. 

trons  by  light  this  equation  of  Einstein's  seems  to  us  to  predict 
accurately  all  of  the  facts  which  have  been  observed. 

The  method  which  has  been  adopted  in  the  Ryerson  Labora- 
tory for  testing  the  correctness  of  Einstein's  equation  has  in- 
volved the  performance  of  so  many  operations  upon  the  highly 
inflammable  alkali  metals  in  a  vessel  which  was  freed  from  the 
presence  of  all  gases  that  it  is  not  inappropriate  to  describe  the 
present  exp>erimental  arrangement  as  a  machine-shop  in  vacuo. 
Fig.    I   shows  a  photograph  of  the  apparatus,  and  Fig.  2  is  a 
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(Irawinj^  t)l"  a   section   wliich   should   make  llio   necessary   ojK^ra- 
tions  intellii^ihle. 

One  ()\  the  most  vital  assertions  made  in  hjnstcin's  theory  is 
that  the  kinetic  ener<^y  with  which  monochromatic  hj.(ht  ejects 
electrons  from  any  metal  is  proportional  to  the  Irecpiencv  of 
the  li^ht.  i.e.,  if  violet  light  is  of  half  the  wave-length  of  red 
light,  then  the  violet  light  shonld  throw  ont  the  electron  with 
twice  the  energy  imparted  to  it  by  the  red  light.  In  order  to 
test  whether  any  such  linear  relation  exists  between  the  energy 
(^f  the  escaping  electron  and  the  light   which   throws   it  out   it 

Fig.  2. 


Cross-sectional  drawing  of  apparatus  of  Fig.  i. 

was  necessary  to  use  as  wide  a  range  of  frequencies  as  possible. 
This  made  it  necessary  to  use  the  alkali  metals,  sodium  potas- 
sium, and  lithium,  for  electrons  are  thrown  from  the  ordinary 
metals  only  by  ultra-violet  light,  while  the  alkali  metals  respond 
in  this  w^ay  to  any  waves  shorter  than  those  of  the  red,  that  is, 
they  respond  throughout  practically  the  whole  visible  spectrum 
as  well  as  the  ultra-violet  spectrum.  Cast  cylinders  of  these 
metals  w^ere  therefore  placed  on  the  wheel  J  J'  (Fig.  2)  and  fresh 
clean  surfaces  w^ere  obtained  by  cutting  shavings  from  each  metal 
in  an  excellent  vacuum  with  the  aid  of  the  knife  K,  which  was 
operated  by  an  electromagnet  F  outside  the  tube.  After  this  the 
Vol.  184,  No.  iioi — 25 
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freshly  cut  .surface  was  turned  around  l)y  another  electromagnet 
until  it  was  ()pi>()site  the  point  ()  of  Fig.  2  and  a  beam  of  mono- 
chromatic light  from  a  spectrometer  was  let  in  through  O  and 
allowed  to  fall  on  the  new  surface.  The  energy  of  the  electrons 
ejected  by  it  was  measured  by  applying  to  the  surface  a  positive 
potential  just  strong  enough  to  prevent  any  of  the  discharged 
electrons  from  reaching  the  gauze  cylinder  opposite  (shown  in 
dotted  lines)  and  thus  communicating  an  observable  negative 
charge  to  the  quadrant  electrometer  which  was  attached  to  this 
gauze  cylinder.  I^^or  a  complete  test  of  the  etjuation  it  was  neces- 
sary also  to  measure  the   contact-electromotive   force  between 
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Graph  showing  relation  between  energy  of  electric  emission  and  frequency  of  the  light   which 

stimulates  the  emission. 

the  new  surface  and  a  test  plate  ^.  This  v^as  done  by  another 
electromagnetic  device  shown  in  Fig.  i,  but  for  further  details 
the  original  paper  may  be  consulted.*  Sufifice  it  here  to  say  that 
Einstein's  equation  demands  a  linear  relation  between  the  ap- 
plied positive  volts  and  the  frequency  of  the  light,  and  it  also 
demands  that  the  slope  of  this  line  should  be  exactly  equal  to  -^  . 
Hence  from  this  slope,  since  e  is  known,  it  be  possible  to  obtain  h. 
How  perfect  a  linear  relation  is  found  may  be  seen  from  Fig.  3, 
which  also  shows  that  from  the  slope  of  this  line  h  is  found  to  be 
6.26  X  lo"^",  which  is  as  close  to  the  value  obtained  by  Planck 
from  the  radiation  laws  as  is  to  be  expected  from  the  accuracy 

*Phys.  Rev.,  vii  (1916),  362. 
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with  which  the  experiments  in  radiation  am  he  made.  The  most 
rehahle  vahie  of  //  obtained  from  a  consideration  i)i  the  whole 
oi  this  work  is 

It  =6.56  X  10  '\ 

In  the  original  paper  will  be  fonnd  other  tests  of  the  Einstein 
equation,  but  the  net  result  of  all  this  work  is  to  confirm  in  a 
very  complete  way  the  e(|uation  which  Einstein  first  set  up  on 
the  basis  of  his  semi-corpuscular  theory  of  radiant  energy.  And 
if  this  equation  is  of  general  validity  it  must  certainly  be  regarded 
as  one  of  the  most  fundamental  and  far-reaching  of  the  equa- 
tions of  physics,  and  one  which  is  destined  to  play  in  the  future 
a  scarcely  less  imjxjrtant  role  than  Maxwell's  equations  have 
played  in  the  past,  for  it  must  govern  the  transformation  of  all 
short-wave-length  electromagnetic  energy  into  heat  energy. 

In  spite  of  the  credentials  which  have  just  l)een  presented  for 
Einstein's  equation,  we  are  confronted  with  the  extraordinary 
situation  that  the  semi-corpuscular  theory  out  of  which  Ein- 
stein got  his  equation  seems  to  be  wholly  untenable  and  has  in 
fact  been  pretty  generally  abandoned,  though  Sir  J.  J.  Thom- 
son ^  and  a  few  others  ^  seem  still  to  adhere  to  some  form  of 
ether-string  theory,  that  is,  to  some  form  of  theory  in  which  the 
energy  remains  localized  in  space  instead  of  spreading  over  the 
entire  wave  front. 

Two  very  potent  objections,  however,  may  be  urged  against 
all  forms  of  ether-string  theory  of  which  Einstein's  is  a  par- 
ticular modification.  The  first  is  that  no  one  has  ever  yet  been 
able  to  show  that  such  a  theory  can  predict  any  one  of  the  facts 
of  interference.  The  second  is  that  there  is  direct  positive  evi- 
dence against  the  view  that  the  ether  possesses  a  fibrous  struc- 
ture. For  if  a  static  electrical  field  has  a  fibrous  structure,  as 
postulated  by  any  form  of  ether-string  theor}',  '*  each  unit  of 
positive  electricity  being  the  origin  and  each  unit  of  negative  elec- 
tricity the  termination  of  a  Faraday  tube,"  '  then  the  force  act- 
ing on  one  single  electron  betw'een  the  plates  of  an  air  condenser 
cannot  possibly  vary  continuously  with  the  potential  difference 

^ Proc.  Phys.  Soc.  of  London,  xxvii  (December  15.  I9i4)»  io5- 

®"  Modern  Electrical  Theory,"  Cambridge.  University  Press,  1913.  p.  248. 

'  J.  J.  Thomson,  "  Electricity  and  Matter,"  p.  9. 
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hctwocn  the  plates.  Xow  in  the  oil-drop  experiments*^  we  actu- 
ally study  the  hehavior  in  such  an  electric  held  of  one  single, 
isolated  electron  and  we  Ihid,  over  the  widest  limits,  exact  pro- 
portionality hetween  the  field  strength  and  the  force  acting  on 
the  electron  as  measured  hy  the  velocity  with  which  the  oil  drop 
to  which  it  is  attached  is  dragged  through  the  air. 

When  we  maintain  the  field  constant  and  vary  the  charge  on 
the  drop,  the  granular  structure  of  electricity  is  proved  by  the 
discontinuous  changes  in  the  velocity,  hut  when  we  maintain  the 
charge  constant  and  vary  the  held  the  lack  of  discontinuous  change 
in  the  velocity  disproves  the  contention  of  a  fibrous  structure  in 
the  held,  unless  the  assumption  be  made  that  there  are  an 
enormous  number  of  ether  strings  ending  in  one  electron.  Such 
an  assumption  takes  all  the  virtue  out  of  an  ether-string  theory . 

Despite  then  the  apparently  complete  success  of  the  Einstein 
ecjuation,  the  physical  theory  of  which  it  was  designed  to  be  the 
symbolic  expression  is  found  so  untenable  that  Einstein  him- 
self, I  believe;  no  longer  holds  to  it,  and  we  are  in  the  position  of 
having  built  a  very  perfect  structure  and  then  knocked  out  en- 
tirely the  underpinning  without  causing  the  building  to  fall.  It 
stands  complete  and  apparently  well  tested,  but  without  any 
visible  means  of  support.  These  supports  must  obviously  exist, 
and  the  most  fascinating  problem  of  modern  physics  is  to  find 
them.  Experiment  has  outrun  theory,  or,  better,  guided  by 
erroneous  theory,  it  has  discovered  relationships  which  seem 
to  be  of  the  greatest  interest  and  importance,  but  the  reasons  for 
them  are  as  yet  not  at  all  understood. 

It  is  possible,  however,  to  go  a  certain  distance  toward  a 
solution  and  to  indicate  some  conditions  which  must  be  satis- 
fied by  the  solution  when  it  is  found.  For  the  energy  hv  with 
which  the  electron  is  found  by  experiment  to  escape  from  the 
atom  must  have  come  either  from  the  energy  stored  up  inside 
of  the  atom  or  else  from  the  hght.  There  is  no  third  possibility. 
Xow^  the  fact  that  the  energy  of  emission  is  the  same,  whether 
the  body  from  which  it  is  emitted  is  held  within  an  inch  of  the 
source,  where  the  light  is  very  intense,  or  a  mile  away,  where  it 
is  very  weak,  would  seem  to  indicate  that  the  light  simply  pulls 
a  trigger  in  the  atom  which  itself  furnishes  all  the  energy  with 
w^hich  the  electron  escapes,  as  was  originally  suggested  by  Len- 

^  Phys.  Rev.,  ii  (1913),  109. 
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anl  in  i(/)j,''  or  else,  ii'  the  li^^lil  I'urni^lK's  iIr-  cncT.i;\.  that  lij^ht 
itself  must  consist  of  hundles  of  enerj^y  which  keep  toj^ether  as 
they  travel  throui^h  space,  as  sui^^ested  in  the  Thonison-I^instein 
theory. 

Vet  the  fact  that  the  energy  of  emission  is  directlv  ]>roiK)r- 
tional  to  the  frecpiency  v  of  the  incident  lij^hl  spoils  Lenard's 
form  of  trigger  theory,  since,  if  the  atom  furnishes  the  energv, 
it  ought  to  make  no  dilYerence  what  kind  of  a  wave-length  pulls 
the  trigger,  while  it  ought  to  make  a  difference  what  kind  of  a 
g^m,  that  is.  what  kind  of  an  atom,  is  shot  off.  l)Ut  Ixnh  of 
these  expectations  are  the  exact  (opposite  of  the  observed  facts. 
The  energy  of  the  eseapituj  eorpuscle  musf  come  then,  in  some 
zcay  or  other,  from  the  incident  light. 

When,  however,  we  attempt  to  compute  on  the  basis  of  a 
spreading-wave  theory  how  much  energy  a  corpuscle  can  re- 
ceive from  a  given  source  of  light,  we  find  it  difficult  to  find 
anything  more  than  a  very  minute  fraction  of  the  amount  which 
the  corpuscle  actually  acquires. 

Thus,  the  total  luminous  energy  falling  per  second  from  a 
standard  candle  on  a  scjuare  centimeter  at^a  distance  of  3  m.  is 
I  erg.^*'  Hence  the  amount  falling  per  second  on  a  body  of  the 
size  of  an  atom,  i.e.,  of  cross-section  lO"^''  cm.,  is  lo"^"'  ergs,  but 
the  energy  h  v  with  which  a  corpuscle  is  ejected  by  light  of  wave- 
length ^00  fj-fx  (millionths  millimeter)  is  4  x  io~^-  ergs,  or  4.000 
times  as  much.  Since  not  a  third  of  the  incident  energy  is  in 
wave-lengths  shorter  than  500  /x/la,  a  surface  of  sodium  or  lithium 
which  is  sensitive  up  to  500  m/u  should  require,  even  if  all  this 
energy  were  in  one  wave-length,  which  it  is  not.  at  least  12,000 
seconds  or  4  hours  of  illumination  by  a  candle  3  m.  away  before 
any  of  its  atoms  could  have  received,  all  told,  enough  energy  to 
discharge  a  corpuscle.  Yet  the  corpuscle  is  observed  to  shoot  out 
the  instant  the  light  is  turned  on.  It  is  true  that  Lord  Rayleigh 
has  recently  shown  ^^  that  an  atom  may  conceivably  absorb  wave- 
energy*  from  a  region  of  the  order  of  magnitude  of  the  square 
of  a  wave-length  of  the  incident  light  rather  than  of  the  order 
of  its  own  cross-section.  This  in  no  way  weakens,  however,  the 
cogency  of  the  type  of  argument  just  presented,  for  it  is  only 

^  Ann.  d.  Phys.  (4).  viii  (1902).  149. 

"  Drude,  "  Lehrbuch  der  Optik,"  1906.  p.  472. 

"P/nV.  Mag.,  xxxii   (1916),  188. 
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necessary  to  ai)])ly  the  same  sort  of  analysis  to  the  case  of  '^-rays, 
the  wave-length  of  which  is  of  the  order  of  nia<(nitnde  of  an 
atomic  diameter  (lo^  cm.)  and  the  dirficnlty  is  found  still  more 
pronoimced.  Thus  Rutherford'-  estimates  that  the  total  "^-ray 
enerjj^y  radiated  i)er  second  by  one  gramme  of  radium  cannot  \X)S- 
sihly  he  more  than  4.7  x  lO"*  ergs.  Hence  at  a  distance  of  100 
meters,  where  the  '^-rays  from  a  gramme  of  radium  would  l)e 
easily  detectable,  the  total  "^-ray  energy  falling  per  second  on  a 
square  millimeter  of  surface,  the  area  of  which  is  ten-thousand 
billion  times  greater  than  that  either  of  an  atom  or  of  a  disk 
whose  radius  is  a  wave-length,  would  be  4.7  x  10*  -^  477  x  10^^  = 
4  X  lO"'  ergs.  This  is  very  close  to  the  energy  with  which  i^-rays 
are  actually  observed  to  be  ejected  by  these  '^-rays,  the  velocity 
of  ejection  being  about  nine-tenths  that  of  light.  Although, 
then,  it  should  take  ten  thousand  billion  seconds  for  the  atom  to 
gather  in  this  much  energy  from  the  'V-rays,  on  the  basis  of 
classical  theory,  the  /?-ray  is  observed  to  be  ejected  with  this 
energy  as  soon  as  the  radium  is  put  in  place.  This  shows  that 
if  we  are  going  to  abandon  the  Thomson-Einstein  hypothesis  of 
localized  energy,  w^hich  is,  of  course,  competent  to  satisfy  these 
energy  relations,  there  is  no  alternative  but  to  assume  that  at 
some  previous  time  the  corpuscle  had  absorbed  and  stored  up 
from  light  of  this  or  other  wave-length  enough  energy  so  that 
it  needed  but  a  minute  addition  at  the  time  of  the  experiment 
to  be  able  to  be  ejected  from  the  atom  w  ith  the  energy  hv. 

Now^  the  corpuscle  W'hich  is  thus  ejected  by  the  light  cannot 
possibly  be  one  of  the  free  corpuscles  of  the  metal,  for  such  a 
corpuscle,  w^hen  set  in  motion  within  a  metal,  constitutes  an  elec- 
tric current,  and  we  know  that  such  a  current  at  once  dissipates 
its  energy  into  heat.  In  other  w^ords,  a  free  corpuscle  can  have 
no  mechanism  for  storing  up  energy  and  then  jerking  itself  up 
"  by  its  boot  straps  "  until  it  has  the  huge  speed  of  emission 
observed. 

The  ejected  corpuscle  must  then  have  come  from  the  inside 
of  the  atom,  in  which  case  it  is  necessary  to  assume,  if  the  Thom- 
son-Einstein theory  is  rejected,  that  wnthin  the  atom  there  exists 
some  mechanism  w^hich  wnll  permit  a  corpuscle  continually  to 
absorb  and  load  itself  up  with  energy  of  a  given  frequency  until 
a  value  at  least  as   large  as  hv  is  reached.     What  sort   of  a 

" "  Radioactive    Substances    and   their    Radiations,"    p.    288. 
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niechanisin  tliis  i>  \\c  lia\c  at  i)rc'sc'iu  no  idea.  I^'iirthcr,  if  the 
absorpjon  is  due  to  resonance — and  we  have  as  yet  no  (jther 
way  in  w  hich  to  conceive  it — it  is  ditlrtcuU  to  see  how  there  can 
l)e,  in  the  atoms  of  a  sohd  body,  corpuscles  havinj^  all  kinds  of 
natural  frecjuencies  so  that  some  are  always  found  to  abs(jrb  and 
ultimately  be  rejected  by  impressed  lij^ht  of  any  particular  fre- 
(piency.  Hut  apart  from  these  difficulties,  the  thing  itself  is 
impossible  if  these  absorbing  corpuscles,  when  not  exposed  to 
radiation,  are  emitting  any  energy  at  all;  for  if  they  did  so,  they 
would  in  time  lose  all  their  store  and  we  should  be  able,  by  keep- 
ing lx)dies  in  the  dark,  to  put  them  into  a  condition  in  which 
they  should  show  no  emission  of  corpuscles  whatever  until 
after  hours  or  years  of  illumination  with  a  given  wave-length. 
Since  this  is  contrary  to  experiment,  we  are  forced,  even  when 
we  discard  the  Thomson-Einstein  theory  of  localized  energy,  to 
postulate  electronic  absorbers  which,  during  the  process  of  ab- 
sorbing, do  not  radiate  at  all  until  the  absorbed  energy  has 
reached  a  certain  critical  value  when  explosive  emission  occurs. 

However,  then,  we  may  interpret  the  phenomenon  of  the 
emission  of  corpuscles  under  the  influence  of  ether  w'aves, 
whether  upon  the  basis  of  the  Thomson-Einstein  assumption  of 
bundles  of  localized  energy  traveling  through  the  ether,  or  ujxDn 
the  basis  of  a  peculiar  property  of  the  inside  of  an  atom  which 
enables  it  to  absorb  continuously  incident  energy  and  emit  only 
explosively,  the  ohscrz'cd  characteristics  of  the  eifect  seem  to 
furnish  proof  that  the  emission  of  energy  by  an  atom  is  a  dis- 
continuous or  explosive  process.  This  was  the  fundamental  as- 
sumption of  Planck's  so-called  quantum  theory  of  radiation. 
The  Thomson-Einstein  theory  makes  both  the  absorption  and 
the  emission  sudden  or  explosive,  while  the  loading  theory,  first 
suggested  by  Planck,  though  from  another  view-point,  makes 
the  absorption  continuous  and  only  the  emission  explosive. 

The  h  determined  above  with  not  more  than  one-half  of  i 
per  cent,  of  uncertainty  is  the  explosive  constant,  i.e.,  it  is  the 
unchanging  ratio  between  the  energy  of  emission  and  the  fre- 
quency of  the  incident  light.  It  is  a  constant  the  existence  of 
which  was  first  discovered  by  Planck  by  an  analysis  of  the  facts 
of  black-body  radiation,  though  the  physical  assumptions  under- 
lying Planck's  analysis  do  not  seem  to  be  longer  tenable.  For 
the  American  physicists  Duane  and   Hunt  ^'^  and  Hull  ^"^  have 

^  Phys.  Rev.,  vi  (1915),  166. 
^*  Ibid.,  vii   (1916).  157. 
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recently  shown  llial  llic  ^anu-  (|uantity  //  ap])ears  in  connection 
with  the  impact  ol"  corpnscle^  against  any  kind  of  a  target,  the 
observation  lierc  l)cini;-  that  the  ln,i(liest  fre(|nency  in  the  general 
or  white-light  X-radiation  emitted  when  corpuscles  inii)inge  upon 
a  target  is  found  by  dividing  the  kinetic  energy  of  the  impinging 
corpuscle  by  //.  Since  black-l)ody  radiation  is  presumably  due 
to  the  imj)act  of  the  free  corpuscles  within  a  metal  upon  the 
atoms,  it  is  probable  that  the  appearance  of  h  in  black-body 
radiation  and  in  general  X-radiation  is  due  to  the  same  cause, 
so  that,  contrary  to  Planck's  assumption,  there  need  not  be,  in 
either  of  these  cases,  any  coincidence  Ix^tween  natural  and  im- 
pressed periods  at  all.  The  hv  which  here  appears  is  not  a 
characteristic  of  the  atom,  but  merely  a  property  of  the  ether 
pulse  which  is  generated  by  the  stopping  of  a  moving  electron. 
\Miy  this  ether  pulse  should  be  resolvable  into  a  continuous,  or 
white-light  spectrum  which,  however,  has  the  peculiar  property 
of  being  chopped  off  sharply  at  a  particular  limiting  frequency 
given  by  Jw  =  PD  x  c  is  thus  far  a  complete  mystery.  All  that 
we  can  say  is  that  experiment  seems  to  demand  a  sufficient  modi- 
fication of  the  ether-pulse  theory  of  white-light  and  of  general 
X-radiation  to  take  this  experimental  fact  into  account. 

On  the  other  hand,  the  appearance  of  h  in  connection  with 
the  absorption  and  emission  of  nwnochroinatic  light  (photo- 
electric effect  and  Bohr  atom)  seem  to  demand  some  hitherto 
unknown  type  of  absorbing  and  emitting  mechanism  within  the 
atom.  This  demand  is  strikingly  emphasized  by  the  remarkable 
absorbing  property  of  matter  for  X-rays,  discovered  by  Barkla  ^^ 
and  beautifully  exhibited  in  De  Broglie's  photographs  here 
showai.^''  It  will  be  seen  from  these  photographs  that  the  atojiis 
of  each  particular  substance  transmit  the  general  X-radiation  up 
to  a  certain  critical  frequency  and  then  absorb  all  radiations  of 
Jiigher  frequency  than  this  critical  value.  The  extraordinary 
significance  of  this  discovery  lies  in  the  fact  that  it  indicates  that 
there  is  a  type  of  absorption  which  is  not  due  either  to  resonance 
or  to  free  electrons.  But  these  are  the  only  types  of  absorption 
which  are  recognized  in  the  structure  of  modern  optics.     We 

^^  Phil.  Mag.,  xvii  (1909),  749. 

^''  These  photographs  will  be  found  also  in  the  August  number  of  the 
Physical  Review  (see  Presidential  address  of  the  President  of  the  Physical 
Society). 
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lia\c  as  yd  no  way  ol  conccixinj; ot   tliis  lu'w   t\])C'  of  al)-or|)tion 
in  terms  o\  a  mechanical  model. 

'Iliere  is  one  result,  however,  which  seems  to  he  (leliniteK" 
estahlished  ])y  all  of  this  experimental  work.  Whether  the  radia- 
tion is  produced  hy  the  s:oppin<;'  of  a  free  electron  a.s  in  Duane 
and  Hunt's  experiment,  and  presumahly  also  in  hlack-lxnlv  ex- 
periments ov  1)\  the  ahsorption  and  re-emission  of  energy  1)\ 
hound  electrons,  as  in  photo-electric  and  spectroscopic  work, 
Planck's  li  seems  to  he  always  tied  u])  in  some  wa\-  w  ith  the  emis- 
sion and  ahsorption  of  eneri^x-  1)\  the  electron.  //  may,  there- 
fore, he  eonsidered  as  one  of  the  properties  of  the  electron. 

The  new  facts  in  the  field  of  rachation  which  have  heen  dis- 
covered through  the  study  of  the  properties  of  the  electron  seem, 
then,  to  require  in  an\-  case  a  very  fundamental  revision  or  ex- 
tension of  classical  theories  of  ahsorption  and  emission  of  radiant 
energy.  The  Thomson-Einstein  theory  throws  the  whole  hur- 
den  of  accounting  for  the  new  facts  upon  the  unknown  nature 
of  the  ether  and  makes  radical  assumptions  ahout  its  structure. 
The  loading  theory  leaves  the  ether  as  it  was  and  puts  the  hur- 
den  of  an  explanation  upon  the  unknown  conditions  and  laws 
which  exist  inside  the  atom.  I  have  already  given  reasons  for 
discrediting  the  first  type  of  theory.  The  second  type,  though 
as  yet  very  incomplete,  seems  to  me  to  he  the  only  possihle  one, 
and  it  has  already  met  with  some  notahle  successes,  as  in  the 
case  of  the  Bohr  atom.  Yet  the  theory  is  at  present  woefully 
incomplete  and  hazy.  Ahout  all  that  we  can  say  now  is  that 
we  seem  to  he  driven  hy  newly  discovered  relations  in  the  field 
of  radiation  either  to  the  Thomson-Einstein  semi-corpuscular 
theory,  or  else  to  a  theory  which  is  equally  suhversive  of  the 
established  order  of  things  in  physics.  Eor  either  one  of  these 
alternatives  l)rings  us  to  a  very  revolutionary  quantum  theory  of 
radiation,  that  is,  a  theory  which  calls  for  an  explosive  emission 
of  energ}'  in  units  and  which  therefore  has  something  akin  to 
atomism  about  it.  To  be  living  in  a  period  which  faces  such  a 
complete  reconstruction  of  our  notions  as  to  the  way  in  which 
ether  waves  are  absorbed  and  emitted  by  matter  is  an  inspiring 
prospect.  The  atomic  and  electronic  worlds  have  revealed  them- 
selves with  beautiful  definiteness  and  wonderful  consistency  to  the 
eye  of  the  modern  physicist,  but  their  relation  to  the  world  of  ether 
waves  is  still  to  him  a  profound  mystery  for  which  the  coming 
generation  has  the  incomparable  opportunity  of  finding  a  solution. 
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The  Grinding  Wheel.  I\.  (1.  Williams.  (Proceedings  of  the 
jlmcriciui  /ilcclrocliciniral  Socii'ty,  May  2-5.  191 7.) — The  success 
of  the  ni()(k'rn  j^iriiuhn^  wheel  is  (U-peiuU'iit  to  a  very  larj^e  (U-^ree 
iij)()n  the  j)r()(hict  of  tlie  electric  furnace  (namely,  artificial  ahra- 
sives),  these  havinj^  almost  entirely  supi)lante(l  the  formerly 
widely  used  emery.  Artificial  ahrasives  are  (jf  two  kinds  (;r 
groups — the  aluminous  group  and  the  carhide  of  silicon  grouj). 
The  first  contains  aluminum  (jxide  as  the  main  constituent,  and 
the  different  materials  which  it  f(jrms  vary  (piite  widely  in  physi- 
cal properties,  according  to  their  chemical  composition  and 
electric  furnace  treatment.  Tlie  carhide  of  silicon  abrasives, 
forming  the  second  group,  \ary  hut  slightly  in  chemical  com- 
position and  physical  properties. 

The  crude  abrasive  is  delivered  from  the  electric  furnace  to 
the  grinding-wheel  factory,  and  broken  uj)  into  lumps  which  will 
pass  through  a  six-inch  ring  and  smaller.  The  first  step  in  the 
production  of  grain  to  be  used  in  grinding  wheels  and  other  pro- 
ducts such  as  oilstones,  rubbing  bricks,  refractories,  and  so  forth, 
is  to  pass  the  material  through  powerful  crushers  equipped  with 
manganese  steel  jaws.  This  o[)eration  reduces  the  Jiiaterial  to 
small  lumps.  It  is  further  reduced  from  small  lumps  to  grains 
by  passing  through  a  series  of  rolls,  each  pair  being  set  to  crush 
smaller  than  the  preceding.  In  this  way  a  range  of  sizes  from 
very  coarse  to  very  fine  is  produced.  Some  abrasives  contain  an 
appreciable  amount  of  magnetic  material  detrimental  to  the  manu- 
facture of  w^heels.  This  is  removed  by  means  of  a  magnetic 
separator.  The  material  is  further  freed  from  extraneous  .matter 
by  a  w^ashing  process.  The  material  is  then  sized  by  passing 
through  screens  of  varying  mesh,  and,  for  the  very  fine  sizes 
referred  to  as  "  flour,"  by  a  sedimentation  process. 

All  grinding  w^heels,  are  composed  of  two  main  constituents — 
the  abrasive  and  the  bond,  or  the  substance  by  which  the  particles 
of  abrasive  are  held  together.  The  commercial  method  of  classi- 
fying grinding  wheels  is  by  the  kind  of  bonding  material  used. 
The  most  widely  used  type  of  wheel  is  that  bonded  by  a  ceramic 
process  in  which  the  mixture  of  abrasive  and  a  clay  bond  are 
baked  in  a  kiln  like  pottery  ware.  Such  wheels  are  known  as 
vitrified  wheels.  Another  type  of  bonding  where  elasticity  is 
sought  is  represented  by  vulcanized  wheels.  Here,  as  indicated 
by  the  name,  the  bonding  material  is  vulcanized  rubber.  The 
operation  of  vulcanizing  the  mixture  of  abrasive  rubber  and 
sulphur  is  similar  to  that  employed  in  vulcanizing  any  other 
product.  The  wheels,  which  have  been  moulded  approximately 
to  size,  are  finally  provided  with  a  lead  centre  and  trued  to  size 
wath  a  diamond  tool. 


THE  CHEMISTRY   OF  CELLULOSE  AND  ITS 
IMPORTANT  INDUSTRIAL  APPLICATIONS.* 


nv 


H.  S.  MORK,  B.S., 

Arthur  D.  Little,  Incorporated,  Boston,  Mass. 

The  mere  mention  of  the  word  "  Cellulose  "  conveys  to  the 
average  person  very  little  meaning  or  significance,  and  yet  cellu- 
lose, in  one  form  or  another,  is  just  as  essential  to  the  convenience 
and  comfort  of  modern  humanity  as  are  iron,  copper,  glass,  and 
materials  of  this  general  type  with  which  everybody  is  familiar. 
Cellulose  may  be  defined  as  the  material  of  which  the  cell  walls 
of  plants  are  composed,  and  consequently  it  is  easy  to  appreciate 
the  abundance  of  this  substance  in  nature,  and  its  wide  dissemina- 
tion over  the  face  of  the  earth.  Cellulose  is  a  true  carbohydrate, 
and  in  its  simplest  form  is  familiar  to  everybody  in  the  shape  of 
cotton,  linen,  or  wood-pulp.  Clean  cotton  is  practically  pure 
cellulose,  but  most  cellulose  in  nature  is  in  a  compound  form — 
lignocellulose — in  which  the  cellulose  is  more  or  less  strongly 
combined  with  lignin.  From  such  lignocellulose  it  is  not  a  matter 
of  great  difficulty,  by  digesting  or  cooking  with  proper  chemicals, 
to  isolate  the  cellulose.  On  this,  of  course,  are  based  the  wood- 
pulp  and  paper  industries. 

It  is  not  the  purpose  of  this  lecture  to  go  into  intimate  discus- 
sion of  the  absolute  chemical  composition  of  cellulose,  or  to  con- 
sider from  a  theoretical  point  of  view  the  chemistry  of  the  various 
known  reactions,  but  rather  to  deal  with  technical  cellulose  chem- 
istry broadly,  and  perhaps  bring  out  some  points  which  are  of 
interest  to  the  user  of  cellulose  products. 

To  date  the  true  chemical  structure  of  cellulose  is  not  known. 
Several  formuLx  have  been  suggested,  but  they  are  all  matters  of 
speculation,  because  there  are  not  sufficient  data  on  which  to  base 
any  definite  structural  formula.  As  has  been  stated,  cellulose  is  a 
carbohydrate  of  the  empirical  formula  C^HioOg,  but  the  cellulose 
molecule  is  very  complex  and  made  up  of  a  large  aggregate  of 
groups   of   the   composition   designated   by   this    formula.      On 
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acfoinit  of  the  ahnndancc  of  cellulose  in  nature,  its  synthesis  offers 
\er\  little  indneemeni  with  the  object  ot'  eoniniercial  suhstitution 
of  an  artilicial  cellulose,  hut  there  is  no  (juestion  that  the  ability  to 
synthesize  cellulose  and  the  knowledj^e  of  its  structural  formula 
would  be  helpful  both  to  j)ure  science  and  to  industrial  applica- 
tions ()\  cellulose,  for  these  reasons  at  least: 

1.  It  would  increase  our  knowledge  of  nature's  processes. 

2.  It  would  afford  a  better  comprehension  of  the  known  cellu- 
lose reactions,  and  would  be  helpful  in  the  elucidation  of  their 
eccentricities,  of  which  there  are  certainly  ])lenty. 

3.  It  would  greatl\-  increase  the  possibilities  of  new  cellulose 
reactions,  and  in  this  connection  it  should  be  stated  that  practically 
every  known  reaction  of  cellulose  has  become  the  basis  of  impor- 
tant processes. 

4.  It  would  also  give  us  a  more  precise  knowledge  of  what 
takes  place  in  the  dyeing  of  cellulosic  fibres,  and  there  are  prob- 
ably other  advantages  to  be  gained. 

CELLULOSE   SOLVENTS. 

The  solvents  of  cellulose — and  in  this  connection  do  not  con- 
fuse cellulose  with  cellulose  compounds — are  either  very  strongly 
acid  or  strongly  alkaline  in  character.  The  discovery  of  a  neutral 
solvent,  the  solution  of  cellulose  in  w'hich  could  be  readily  coagu- 
lated by  some  other  neutral  chemical,  or  at  the  most  a  chemical 
only  mildly  acid  or  alkaline,  or  the  discovery  of  a  neutral  volatile 
solvent,  on  the  evaporation  of  which  a  cellulose  film  or  deposit 
would  be  formed,  would  be  discoveries  of  tremendous  importance 
and  value.  The  ordinary  industrial  solvents  of  cellulose  which 
at  the  same  time  do  not  transform  it  into  compounds  other  than 
those  formed  by  the  addition  of  water  are  strong  sulphuric  acid, 
zinc  chloride  or  bromide,  neutral  or  acid,  and  cuprammonium 
solution,  which  is  a  strong  solution  of  copper  hydrate  or  carbonate 
in  ammonia.  There  are  several  other  solvents,  such  as  ammonium 
sulphocyanate,  etc.,  but  at  the  present  time  they  are  of  no  appre- 
ciable commercial  importance. 

Sulphuric  acid  finds  its  chief  industrial  application  as  a  cellu- 
lose solvent  in  the  manufacture  of  parchment  paper,  although  a 
recent  patent  has  been  issued  for  the  adaptation  of  a  sulphuric 
acid  solution  of  cellulose  at  very  low  temperatures  to  the  manu- 
facture of  films  and  filaments.    In  the  ordinary  process  for  parch- 
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mcntizinj^  paper,  the  ])aper  is  run  thronj^h  a  stronji;  sulphuric  acid 
hath,  witli  the  proper  comhtions  of  concentration.  teni|RTature, 
and  speed,  so  that  merely  the  surt'ace  of  the  ])aper  is  gelatinized, 
which  on  sul)se(|uent  dilution  and  washing  is  coagulated  and  re- 
mains tixed  on  the  surface  of  the  paper,  givinj^  to  the  parchment 
paper  its  familiar  j^rease-proof  (piality. 

The  chief  applications  of  zinc  chloride  as  a  solvent  are  the 
manufacture  oi  incandescent  lamp  filaments  and  the  pnjduction  of 
vulcanized  fihre.  In  the  former  case,  cellulose  is  dissolved  in 
zinc  chloride  solution  of  hi^rh  concentraticMi,  and  this  solution  is 
squirted  into  the  alcohol,  wherehy  it  coagulates  into  the  filaments, 
which  are  washeil  free  from  chemicals  and  dried.  In  view  of  the 
rapid  strides  which  the  tungsten  filament  is  making,  this  use  of 
zinc  chloride  cellulose  solution  is  gradually  becoming  less 
important. 

In  the  production  of  vulcanized  fibre,  the  process  is  S(jmewhat 
similar  to  the  sulphuric  acid  parchmentizing  process,  but  in  this 
case  special  absorbent  paper  is  run  through  a  strong  zinc  chloride 
solution,  and  the  fibres  are  superficially  gelatinized  by  means  of 
the  solvent.  When  thick  sheets  of  vulcanized  fibre  are  desired, 
thin  gelatinized  sheets  are  wound  around  a  mandrel  or  drum  to 
the  desired  thickness,  and  cement  themselves  together.  In  this 
process,  as  in  the  parchmentizing  process,  it  is  absolutely  essential 
to  eliminate  all  the  zinc  chloride  or  the  sulphuric  acid,  because 
otherwise  the  products  would  disintegrate  on  storing,  or  else  they 
would  be  deficient  in  desired  properties. 

A  solution  of  cellulose  in  cuprammonium  solution  is  the  basis 
of  one  of  the  processes  for  the  manufacture  of  artificial  silk. 
This  process  has  been  extensively  operated  in  Europe,  but  a  few- 
sporadic  attempts  to  operate  in  this  country  have  not  met  Avith 
success.  The  solvent  power  of  cuprammonium  for  cellulose  at 
one  time  was  applied  in  England  in  the  manufacture  of  W'illesden 
goods. 

HYDROLYSIS    AND    HYDRATION. 

When  cellulose  is  dissolved  and  recovered  from  a  solution  by 
coagulation,  the  original  fibrous  structure  is,  naturally,  always 
destroyed.  In  the  coagulated  products  the  cellulose  is  in  a  highly 
hydrated  condition,  and  these  products  are  various  forms  of 
hydrated  cellulose.  It  is  a  matter  of  controversy  whether  a  cel- 
lulose hydrate  is  cellulose  in  a  form  capable  merely  of  mechan- 
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ically  h()l(lin<4-  a  lar^e  amount  of  water,  or  wliether  this  water,  in 
part  at  least,  is  cheiiiicall\  comhincd  with  the  ceUulose.  Perhaps 
the  burden  of  tlie  evidence  is  in  favor  of  mechanical  absorption, 
and  not  the  chemical  combination,  for  it  is  true  that  when  a  cellu- 
lose jell  or  hydrate  is  once  dried  it  does  not  then  have  the  capacity 
of  absorbing  as  much  water  as  it  mechanically  held  before  drying. 

Besides  cellulose  hydrates,  tliere  is  another  form  or  combina- 
tion of  water  and  cellulose,  called  "  hydrocellulose."  This  is  a 
real  hydrolyzed  form  of  cellulose,  and  is  produced  when  acids  and 
alkalies  act  on  cellulose,  with  the  proper  conditions  of  time  and 
temperature,  and  not  necessarily  with  accompanying  solution, 
because  hydrocellulose  may  still  preserve  the  form  of  the  original 
fibre.  In  hydrolyzed  cellulose  the  amount  of  water  combined  is 
variable,  depending  upon  the  severity  of  the  hydrolysis,  the 
ultimate  result  of  continued  hydrolysis  being  the  formation  of 
dextrose,  similarly  as  in  the  formation  of  dextrose  from  starch. 
It  is  highly  probable  that  the  hydrolysis  of  cellulose  proceeds 
along  lines  closely  analogous  to  the  hydrolysis  of  starch,  and  that 
between  dextrose  and  sugar  various  dextrines  are  intermediately 
formed. 

Industrially,  the  hydrolysis  of  cellulose  is  of  great  importance. 
It  is  the  basis  of  the  carbonization  process  for  separating  cotton 
from  wool,  in  which,  as  you  know,  shoddy  is  immersed  in  a  sul- 
phuric or  hydrochloric  acid  solution,  and  on  drying,  with  the  acid 
still  in  it,  the  cotton  is  converted  into  brittle  hydrocellulose  which 
is  dusted  out,  leaving  the  wool  behind.  The  production  of  hydro- 
cellulose is  also  an  intermediate  step  in  the  carrying  out  of  some 
cellulose  reactions;  for  example,  in  some  of  the  processes  of 
manufacturing  cellulose  acetate,  hydrocellulose  is  first  formed, 
and  the  esterification  or  formation  of  the  acetate  takes  place  after- 
wards. Also,  in  the  viscose  reaction — and  of  both  of  these  reac- 
tions I  will  speak  about  later — the  sustained  action  of  the  caustic 
soda  on  wood-pulp  tends  to  break  down  the  cellulose  structure 
with  accompanying  hydrolysis.  The  complete  hydrolysis  of 
cellulose  to  sugar  is  assuming  considerable  industrial  importance 
in  the  manufacture  of  ethyl  alcohol  from  sawdust  or  other 
cellulosic  wastes.  This  is  an  established  process  of  demonstrated 
merit,  and  it  is  not  unreasonable  to  predict  that  it  will  ultimately 
be  the  solution  of  the  motor  fuel  problem,  particularly  if  it  can 
be  adapted — and  there  seems  to  be  no  fundamental  reason  \vhy 
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it  cannot  he — -to  tlic  liydrolysis  of  wastes  from  ])crcnnial  plant 
•growths.  Inasmuch  as  liydrocehulosc  is  sohihle  in  all  the  cellulose 
solvents,  and  can  usually  he  recovered  from  these  in  the  t^elatinous 
condition,  it  can  readily  he  seen  that  a  hydrocellulose  hydrate  or  a 
hydrated  hydrocellulose  is  a  iK>ssihility,  and  is  in  fact  an  actuality. 

OXIDATION. 

Cellulose  is  susceptihle  to  oxidation  with  the  formation  of 
oxycellulose,  and  the  formation  of  a  cellulose  iKToxide  has  heen 
reported.  Ox\cellulose  always  is  j^roduced  when  cotton  or  wood- 
pulp  is  suhjected  to  overhleachin^r.  The  extent  of  formation  oi 
the  oxycellulose  can  he  ascertained  hy  determining  the  co])per 
numher  or  capacity  of  the  hleached  cellulose  to  reduce  h'ehling's 
solution,  and  a  limitation  of  the  copper  number  is  not  infrequently 
inserted  at  the  present  time  in  specifications  for  bleached  linters 
for  nitrating  purposes.  The  production  of  oxycellulose  is  not 
carried  out  for  any  commercial  purpose,  as  the  f(jrmation  of 
oxycellulose.  like  hydrocellulose.  is  always  coincidental  with  loss 
in  strength  of  the  cotton  or  other  cellulosic  fibre. 

ESTERIFICATION. 

Before  I  touch  on  the  esters  of  cellulose,  such  as  cellulose 
xanthate,  cellulose  nitrate,  cellulose  acetate,  etc.,  reference  will 
be  made  briefly  to  a  new  product  which  has  been  developed  in 
the  past  few  years,  which  is  not  an  ester,  but  an  ether  of  cellu- 
lose. Cellulose  ethers  are  the  invention  of  Professor  Lillienfeld, 
and  they  are  supposed  to  be,  and  presumably  are,  true  ethers  and 
not  esters.  The  usual  ester  produced  is  the  ethyl  ester,  and, 
according  to  the  patent,  it  is  formed  by  the  action  of  di-ethyl 
sulphate  on  cellulose  which  has  been  subjected  to  a  rather  severe 
hydrolysis  or  hydration  treatment.  It  is  claimed  for  the  ethers 
that,  like  simple  ethers  and  not  esters,  they  are  not  susceptible 
to  saponification,  and,  as  there  is  no  acid  radical  in  their  make-up, 
they  remain  perfectly  neutral  and  stable.  I  have  not  had  an 
opportunity  to  investigate  these  ethers  nor  the  claims  of  the 
patent,  and  in  so  far  as  I  know,  at  the  present  time,  the  product 
is  not  being  made  to  any  extent  in  the  United  States.  Here  is  a 
small  sample  of  film  made  from  cellulose  ether,  and  this  is  all  I 
have  ever  seen.  This  particular  sample  is  a  very  excellent  product. 
A  review  of  the  patents  leads  one  to  believe  that  the  technical 
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(lifficultics  conlrolliiifj^  this  reaction  must  be  \er\-  considerable, 
and  as  we  look  hack  on  the  development  of  cellulose  esters  we 
well  realize  that  the  trials  and  trihulations  incident  to  |)lacinj2^  on  a 
commercial  basis  an\  new  cellulose  reaction  product  are  almost 
enoui^h  to  discourage  new  workers  in  the  held. 

Of  the  esters  of  cellulose,  i)erhaps  cellulose  nitrate  is  the  one 
with  which  everybody  is  familiar.  As  a  mere  reaction,  the  forma- 
tion of  cellulose  nitrate  is  exceedingly  simple,  for  it  consists  of 
merely  immersing  cotton  in  a  mixture  of  strong  nitric  and  sul- 
phuric acids.  When  this  process  is  carried  out,  depending  on  the 
composition  of  the  acids,  the  time,  the  temperature,  and  the  char- 
acter of  the  material  treated,  cellulose  nitrates  of  different  com- 
positions and  workable  characteristics  are  obtained. 

Cellulose  apparently  contains  three  reactive  hydroxyl  groups, 
consequently  the  limit  of  esterification  is  the  cellulose  tri-ester; 
for  example,  cellulose  tri-nitrate.  As  a  matter  of  fact,  pure 
cellulose  tri-nitrate  is  never  obtained  in  practice.  The  degree  of 
nitration  is  usually  appraised  on  the  basis  of  the  nitrogen  content 
of  the  ester.  Cellulose  nitrates  are  of  tremendous  industrial 
importance,  more  so  than  ever  at  present,  because  cellulose  nitrate 
is  the  basis  of  smokeless  powder  and  gun-cotton.  But  it  is  also 
of  great  importance  in  the  production  of  materials  quite  foreign 
to  war  purposes,  such  as  the  manufacture  of  celluloid,  moving- 
picture  films,  artificial  silk,  artificial  leather,  and  the  like.  Cellu- 
lose nitrate  enters  into  the  composition  of  all  these  mentioned 
materials,  but  for  the  different  purposes  cellulose  nitrates  of 
different  nitrogen  content  are  used ;  for  example,  the  nitrate  used 
in  moving-picture  films  and  celluloid  has  a  nitrogen  percentage  of, 
^ve  will  say,  roughly,  lo^  to  ii%  per  cent.,  w^hereas  for  varnish 
purposes  it  runs  from  ii^  to  ii%  or  even  12  per  cent.,  for 
powder  purposes  between  12  and  12^  per  cent,  approximately, 
and  for  gun-cotton  purposes  between  13  and  14  per  cent.  All 
of  these  nitrates  are  very  rapidly  combustible  on  account  of  the 
presence  of  the  unstable  oxidizing  nitrate  radicle,  and,  other 
things  being  equal,  the  degree  of  inflammability  increases  with 
the  nitrogen  content.  Celluloid,  smokeless  powder,  and  gun- 
cotton  all  belong  to  the  same  family,  and  it  is  naturally  rather  a 
dangerous  family  to  become  too  intimately  acquainted  with,  unless 
you  fully  understand  its  disposition  and  temper. 

With  celluloid  you  are  all  familiar.     It  is  a  compound  of 
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canij)li()r  and  cellulose  nitrate  of  low  nitration.  These  are  com- 
bined into  a  doui^h  h\-  the  use  ol  a  small  proportion  of  common 
solvent,  which  after  proper  working;  and  hakin*^  under  pressure 
l)ro(luces  a  cake  of  cellult)id.  The  function  of  the  camphor  is  U) 
imi)ari  softness,  hut  more  particularly  moulding  (|ualit\'.  to  the 
mixture.  It  seems  as  if  e\ery  chemical  in  Ik-ilstein  has  heen 
patented  or  su^^ested  as  a  commercial  substitute  for  camphor  in 
celluloid  manufacture,  but.  after  all  has  been  said  and  done, 
camphor  still  remains  the  material  par  c.vccllcncc,  and  the  onh 
one  which  is  universally  used.  It  is  (piite  characteristic  of  cellu- 
lose compounds  that  some  one  material  ])erf()rms  a  certain  func- 
tion in  their  manipulation,  and  the  result  achieved  therebv  is  very 
ditticult  to  duplicate  with  any  other  material  or  combination. 
For  example,  in  the  manufacture  of  lacquers,  leather,  and  cloth 
finishes  from  cellulose  nitrates,  amyl  acetate  has  for  many  years 
been  the  prime  solvent,  and  it  has  been  ditticult  to  assail  its 
position.  ^lore  progress  is  being  made  in  replacing  amyl  acetate, 
however,  than  in  the  substitution  of  camphor  in  celluloid,  for 
the  price  of  amyl  acetate,  due  to  the  war,  has  absolutely  com- 
pelled the  use  of  other  solvents,  and  various  other  liquids,  such 
as  di-acetone  alcohol,  acetone  oil,  various  purified  ketone  mixtures 
obtained  from  this,  ethyl  acetate  and  ethyl  acetate-benzol  mixtures, 
are  now  being  extensively  used.  Along  this  same  line  of  prefer- 
ential use  is  the  use  of  castor  oil  with  cellulose  nitrate  in  the 
manufacture  of  artificial  leather,  waterproof  sheeting,  etc.  Noth- 
ing seems  to  take  the  place  of  it.  although  almost  every  other  oil, 
natural  and  blown,  has  been  tried.  Cellulose  nitrate  seems  to 
have  the  capacity  of  carrying  a  large  quantity  of  castor  oil  with- 
out permitting  it  to  spew  out  appreciably  at  moderately  high  tem- 
peratures or  over  a  lapse  of  time,  and  castor  oil  also  seems  to 
have  the  capacity  of  keeping  the  coating  flexible  at  low  temj^era- 
tures.  Other  oils,  like  oxidized  linseed,  blown  rape,  etc.,  are  used 
for  certain  purposes,  but  they  are  all  far  less  universally  applied. 

VISCOSE. 

Nearly  twenty-five  years  ago  a  new  cellulose  reaction  was 
discovered  by  Cross  in  London,  and  for  quite  a  number  of  years 
it  created  quite  a  furore,  and  great  and  universal  application 
was  claimed  for  it.  I  refer  to  viscose,  or  cellulose  xanthate. 
Working  along  the  lines  of  the  formation  of  xanthates  of  simple 
Vol.  184.  Xo.  iioi — 26 
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alcoliols.  tlic  a(la])tati()n  of  tliis  reaction  to  cellulose  was  worked 
out.  In  the  production  of  viscose,  cellulose  is  first  treated  with 
a  strong  caustic  soda  solution,  and  there  is  formed  what  is  termed 
*'  alkali  cellulose,"  and  this  in  a  moist  condition  is  treated  with 
carbon  disulphide,  forming  sodium  cellulose  xanthate,  deep  yel- 
low in  color,  and  pasty  or  not,  depending  upon  the  conditions 
of  the  reaction.  This  product  is  soluble  in  the  excess  caustic 
soda,  forming  a  deep  yellow-colored  solution,  which  at  mod- 
erately high  temperatures  (juickly  coagulates  or  reverts  with  the 
gradual  formation  of  hydrated  cellulose,  or,  even  standing  at 
normal  temperatures  for  a  considerable  period,  the  same  reversion 
will  take  place.  The  solution  is  also  readily  coagulated  by  acids 
and  numerous  salts. 

Whereas  back  in  1900  the  widest  possibilities  were  claimed 
for  viscose,  as  a  matter  of  fact  only  two  or  three  important 
applications  have  survived,  but  they  are  truly  important,  and  in 
themselves  are  ample  justification  for  the  early  enthusiasm.  Un- 
doubtedly you  are  all  familiar  with  artificial  silk,  wood  silk,  or 
fibre  silk,  as  it  is  variously  called.  You  ought  to  be  especially 
familiar  with  it  here  in  Philadelphia,  because,  so  far  as  the  United 
States  is  concerned,  it  is  practically  a  local  industry,  and  many 
thousand  pounds  a  week  of  viscose  silk  are  turned  out  at  the 
plant  of  the  American  Viscose  Company  at  Marcus  Hook.  Be- 
sides silk,  a  large  quantity  of  thin  viscose  film,  o.cx)i  inch  thick,  is 
produced  in  France,  and  is  sold  in  this  country  under  various 
trade  names,  such  as  cellophane,  which  is  used  as  a  transparent 
protection  over  candy  boxes,  in  wrapping  candies,  etc.  Thicker 
films  than  this  are  not  on  the  market  at  present,  although  I  under- 
stand that  considerable  experimental  work  is  being  done  to  adapt 
viscose  film  to  the  photographic  industry.  I  have  here  a  sample 
of  cellophane,  also  a  sample  of  viscose  silk,  to  which  I  will  refer 
again  later.  You  may  also  be  interested  in  some  of  these  various 
other  viscose  sampleswhich  represent,  unfortunately,  at  the  present 
time,  only  blasted  hopes.  (Samples  of  viscose  sheets,  viscoid, 
and  viscose  cloth  prints  were  shown.) 

CELLULOSE    ACETATE. 

We  now  come  to  a  subject  to  which  I  have  given  considerable 
of  my  personal  time  for  the  past  fifteen  years,  and  therefore  1 
hope  I  may  be  pardoned  if  I  elaborate  on  it  more  extensively 
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than  has  been  done  with  the  other  reactions.  Reference  is  l>einu^ 
made  to  ceUulose  organic  esters,  which,  so  far  as  commercial 
prochicts  are  concerned,  mean  celhilose  acetate.  Commercial 
cellulose  acetate  is  tri-acetate  and  not  tetracetate.  and  is  made  by 
reacting  on  cotton  or  rag  paper  with  acetic  anhydride  and  a 
suitable  catalyst  or  condensing  agent.  Unfortunately,  glacial 
acetic  acid  cannot  substitute  for  the  anhydride,  although  a  recent 
foreign  patent  claims  its  use  for  this  puri>ose.  Our  laboratory 
has  not  had  time  as  yet  to  investigate  this  claim,  but.  judging 
from  numerous  exi)eriments  which  have  l)een  made  in  our  labora- 
tory wMth  this  end  in  view,  it  seems  exceedingly  doubtful  that 
cellulose  acetate  can  be  made  without  acetic  anhydride. 

Cellulose  acetate  is  on  the  market  in  various  forms,  of  some- 
what ditYerent  characteristics.  It  may  look  like  cotton,  as,  for 
example,  this  sample  of  fibrous  cellulose  acetate  \vhich  I  have  here, 
or  it  may  be  in  a  granular  or  powdered  form,  like  this  other 
sample.  Purposely  this  large  sample  has  been  spread  out  on  this 
table  to  emphasize  its  perfect  harmlessness.  Any  one  would 
hesitate  to  do  the  same  thing  with  dry  cellulose  nitrate.  In  the 
production  of  the  granular  form,  acetic  anhydride  acts  on  cellu- 
lose in  the  presence  of  usually  a  little  sulphuric  acid,  and  the 
reaction  mixture  is  diluted  with  glacial  acetic  acid,  and  as  fast  as 
the  cellulose  acetate  is  formed  it  goes  into  solution,  from  which 
it  is  recovered  by  precipitation  with  water.  In  the  production 
of  the  fibrous  cellulose  acetate  the  above  reaction  mixture  is  sup- 
plemented by  the  addition  of  a  non-solvent  of  cellulose  acetate, 
such  as  benzol  or  carbon  tetrachloride.  The  esterification 
proceeds  without  solution  of  the  cellulose  acetate,  which  remains 
in  essentially  the  original  form  of  the  cotton  used,  although  very 
much  more  bulky  and  not  so  strong.  By  this  process  it  is.  of 
course,  not  difficult  to  acetylate  cotton  cloth,  yarns,  etc.  Here 
is  a  sample  of  cellulose  acetate  cloth,  and  also  a  sample  of  the 
cheesecloth  from  which  it  was  prepared.  Both  the  fibrous  process 
and  the  granular  process  are  susceptible  to  certain  modifications, 
so  that  products  of  different  solubilities  and  different  physical 
properties  can  be  obtained.  It  also  is  possible  to  further  change 
the  solubilities  of  the  products  by  subsequent  treatment  after  the 
ester  has  been  formed,  and  these  treatments  have  been  called 
hydrating  the  ester,  although  I  am  not  prepared  to  say  that  this  is 
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a  true  (k'sii;nati()n  of  the  Iranst'onnalioii.  The  effect  of  such 
after-treatments  is  to  increase  the  solul)ihty  of  the  celhilose 
acetate  in  various  solvents.  ])articularl\'  in  acetone,  nietliyl  acetate, 
alcoh()l-l)enzol  mixtures,  etc. 

I'j)  to  the  present  time  we  liave  not  succeeded  in  making  a 
lil)rous  celhilose  acetate  of  as  j^reat  a  raniL^e  of  solubility  as  it  has 
been  possible  to  obtain  with  the  ;L;ranular  acetate,  and  it  seems  as 
if  the  wide  ran<;e  of  solubilit}'  of  the  granular  acetate  necessitates 
a  breakdown  of  the  fibrous  structure,  with  possibly  some  different 
arran<;ement  within  the  molecule. 

At  this  point  it  is  perhaps  well  to  refer  to  the  (juestion  of 
viscosity  in  connection  with  cellulose  products  and  solutions.  In- 
dej^endent  of  the  form  or  the  solubility  that  the  cellulose  ester  may 
take,  it  is  possible  to  make  products  otherwise  identical,  but  which 
dissolve  in  solvents  forming  for  the  same  concentrations,  solu- 
tions of  entirely  different  viscosities.  The  explanation  of  this 
undoubtedly  lies  in  the  complex  nature  of  the  cellulose  molecular 
aggregate :  the  higher  the  aggregation,  the  more  viscous  the  solu- 
tion, and  z'icc  z'crsa,  and  the  higher  the  aggregate  the  tougher  is 
the  film  or  filament  which  can  be  produced  from  the  solution. 
This  can  be  accepted  as  generally  true. 

A  given  product  will  not  by  any  means  produce  solutions  of 
the  same  viscosity  with  different  solvents,  for,  with  identical 
concentration,  solutions  of  the  same  product  in  different  solvents 
may  cover  a  wide  range  of  viscosity.  In  mixed  solvents  some- 
times a  very  little  of  one  component  will  have  a  very  pronounced 
effect  on  the  viscosity.  For  example,  the  viscosity  of  a  solution 
of  cellulose  acetate  in  tetrachlorethane  is  tremendously  reduced 
by  the  addition  of  either  methyl  or  ethyl  alcohol,  and,  similarly, 
a  very  viscous  solution  of  cellulose  nitrate,  say,  for  example,  in  a 
mixture  of  amyl  acetate  and  benzol,  is  very  much  reduced  in 
viscosity  by  the  addition  of  one  or  two  per  cent,  of  acetone.  In 
the  case  of  cellulose  acetate,  methyl  or  ethyl  alcohol  is  a  non- 
solvent  of  cellulose  acetate,  but  in  the  case  of  the  nitrate  solution 
acetone  is  a  very  powerful  solvent.  These  solubility  peculiarities 
make  a  very  interesting  subject  for  research,  and  very  little  has 
been  done  along  these  lines  to  date. 

The  uses  to  which  cellulose  acetate  is  put  are  very  numerous. 
In  general  they  are  essentially  the  same  as  those  to  which  cellulose 
nitrate  is  adapted,  with  the  single  exception  of  the  manufacture  of 
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explosives.  In  the  non-inllaniinahilily  and  slow  cnnihuslihilily  ot 
cellulose  acetate  products  really  lies  their  excuse  for  commercial 
api)licatioii.  because  they  are  invariai)ly  more  expensive  than  ni 
trate  products.  Nowadays  *'  Safety  Inrst  "  is  the  universal  cry, 
and  consecpientK .  notw  ithstandini;  its  cost,  cellulose  acetate  is 
tindin*^   extensive  application. 

COMPARISON   OF   DIFFERENT    TYPES   OF   CELLULOSE   PRODUCTS. 

Practicallv  very  little  has  heen  said  or  written  al)out  the  com- 
parative qualities  and  properties  of  different  materials  made  out 
of  different  cellulose  compotmds,  particularly  viscose,  cellulose 
nitrate,  and  cellulose  acetate.  Amoni^  the  most  important  ap- 
plications are  the  manufacture  of  lacquers  and  \arnishes,  coated 
fabrics,  photographic  and  other  films,  artificial  silk,  etc.,  which 
will  be  discussed  from  the  point  of  view  of  comparative  use  of  the 
different  cellulose  compounds. 

It  is  not  uncommon  for  users  of  one  cellulose  compound  to 
think  that  they  can  take  another  similar  cellulose  compound,  dis- 
solve it  in  the  same  solvents,  compound  it  in  the  same  way.  and 
adapt  it  to  the  same  uses  as  they  have  been  accustomed  to  do  with 
the  compound  with  which  they  are  most  familiar.  As  a  matter 
of  fact,  almost  every  cellulose  compound  has  its  different  solvent 
requirements,  different  methods  of  compounding,  and  must  be 
handled  in  its  own  special  way  to  produce  optimum  results,  and 
general  substitution  is  not  always  possible.  If  people  w'ould 
recognize  this  and  be  a  little  more  generous  with  information, 
their  inquiries  could  be  handled  more  intelligently  and  with  much 
better  prospect  of  working  out  their  particular  problem. 

Lacquers. 

For  a  great  many  years  cellulose  nitrate  lacquers  have  held 
undisputed  sway.  Cellulose  acetate  lacquers  have  made  relatively 
small  inroads  into  this  field,  particularly  on  account  of  the  high 
cost  and  the  nature  of  the  solvents  which  it  has  been  necessary 
to  use.  However,  a  good  many  thousand  gallons  a  year  are 
used  by  a  few  concerns  for  lacquering  certain  brass  parts  of  gas 
and  electric  fixtures  which  are  subjected  to  a  moderately  high 
temperature.  It  has  been  found  that  a  properly-coiupounded 
cellulose  acetate  lacquer  gives  a  finish  which  stands  up  a  great 
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ileal  l)cltcr  for  this  particular  use  tliau  does  a  nitrate  lacquer  and 
the  \er\-  small  difference  in  cost  ol'  the  fmished  article  is  justified 
l)\-  the  more  durable  i)r()tecti()n. 

rerha])s  the  oldest  use  of  cellulose  acetate  in  the  United  States 
is  for  insulating  very  fine  copper  wire.  Ahout  seventeen  years 
ago  the  General  Electric  Company  standardized  cellulose  acetate 
insulations  on  their  o.cx^^-inch  wire  used  on  their  meter  armatures. 
Previous  to  this  standardization  silk  had  been  used  as  the  insulat- 
ing material,  but  it  was  very  expensive  and  bulky,  and  the  reduced 
space  factor  provided  by  the  very  fine  cellulose  acetate  insulation 
was  an  important  consideration.  For  making  small  meter  arma- 
tures Avhere  there  are  a  great  many  ends  the  cellulose  acetate 
coating  presented  also  another  advantageous  feature.  The  ends 
have  to  be  soldered  together,  and  to  do  this  the  insulation  must 
be  stripped,  and  the  stripping  of  the  cellulose  acetate  coating  was 
very  readily  done.  About  two  years  ago  this  stripping  was  suc- 
cessfully accomplished  on  linseed  oil  enamelled  wnre,  and  the  rela- 
tively low^  cost  of  the  latter  caused  it  finally  to  displace  cellulose 
acetate  for  this  particular  purpose. 

Varnishes. 

At  the  present  time  the  largest  use  of  cellulose  acetate  in  the 
United  States  is  for  the  manufacture  of  varnishes,  particularly 
airplane  cloth  varnishes.  The  business  has  naturally  had  tre- 
mendous stimulus  since  the  war  broke  out,  and  perhaps  only 
those  people  who  are  in' close  contact  with  it  really  realize  how 
rapidly  airplane  manufacture  is  extending. 

Airplane  wings  consist  of  a  framework  covered  with  un- 
bleached linen,  which  must  be  made  w^ater-and-air-impervious  and 
drumhead-tight.  To  accomplish  this  result,  the  linen  is  stretched 
tightly  over  the  frame  and  is  then  varnished  with  cellulose 
varnish,  which  while  drying  causes  powerful  shrinkage  in  the 
fabric.  This  shrinkage  at  times  has  been  known  to  be  so  great 
as  to  warp  and  break  the  frames,  but  this  happens  usually  when 
the  cloth  is  stretched  too  tightly  before  varnishing.  Abroad  only 
cellulose  acetate  is  used  as  a  shrinking  varnish,  but  in  this  country 
both  cellulose  acetate  and  cellulose  nitrate  are  used,  sometimes 
alone,  and  sometimes  cellulose  nitrate  is  used  as  the  impregnating 
coating,  and  then  cellulose  acetate  varnish  is  used  for  the  finish 
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coating,  the  i)iirj)osc  of  the  hitter  hein«;  to  make  tlie  win^  s|)ark- 
aiul  nash-j)rcK)t.  Celhilose  nitrate  varnishes  are  not  so  expensive 
as  cenuU)se  acetate  varnishes,  and  consecinently  some  manufac- 
turers let  tlieir  judgment  ij^et  the  hetter  of  them,  and  standanhze 
on  the  use  of  a  celhilose  nitrate  varnish,  notwithstandinj^  that  it 
introduces  a  latent  risk,  which  at  present  they  cpiite  i<^nore.  Un- 
doubtedly they  will  think  better  of  this  when  airplanes  become 
more  popular  as  a  means  of  conveyance.  Unquestionably  the 
people  will  demand  the  elimination  of  every  risk,  although,  judg- 
ing by  the  automobile,  who  really  can  predict  what  the  future  air- 
plane will  look  like,  or  how  it  will  be  constructed,  and  shrinking 
varnishes  may  not  be  used  ? 

It  has  been  suggested  that  some  mention  be  made  of  what  has 
been  accomplished  in  the  production  of  transparent  wing  cover- 
ings. Not  so  very  many  months  ago  there  was  a  great  deal  of 
newspaper  publicity  about  some  airplanes  which  were  made  in 
Germany  the  wings  of  which  were  stated  to  be  covered  with  a 
transparent,  non-inflammable  film  which  reduced  the  visibility. 
Very  little  has  been  heard  about  this  lately,  and  all  the  meagre 
information  I  have  ever  obtained  on  this  subject  was  secured 
from  the  newspaper  and  periodical  reports  and  discussion  with 
newspaper  editors.  Aside  from  what  was  disclosed  in  these  pub- 
lications, I  have  been  able  to  obtain  no  information  of  the  precise 
structure  of  this  wnng,  except  that  it  was  composed  of  a  cellulose 
acetate  transparent  film  properly  strengthened  and  supported. 

In  a  lecture  given  in  Boston  in  November  by  General  Squier, 
which  lecture  was  afterwards  published  in  the  Journal  of  The 
Franklin  Institute  of  January,  191 7.  General  Squier  referred 
to  the  desirability  of  a  transparent  wing  covering  for  airplanes, 
and  his  statement  of  the  requirements  of  such  a  transparent  cov- 
ering I  will  repeat : 

1.  It  must  w'eigh  not  more  than  five  ounces  per  square  yard. 

2.  It  should  present  reasonably  great  resistance  to  flame. 

3.  It  should  be  reasonably  proof  against  action  of  salt  water, 
moist  air,  extreme  dryness,  and  quick  temperature  changes. 

4.  It  should  not  stretch  in  any  direction.  Its  ability  to  retain 
its  original  form  as  placed  on  the  airplane  is  very  important. 

5.  It  should  have  tensile  strength  of  at  least  y^  pounds  per 
inch  width  in  anv  direction. 
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().  Its  tcndcnc}-  to  tear  and  split  because  of  tack  or  bullet  holes 
should  be  as  small  as  ix)ssil)le. 

Now  these  are  mighty  hard  specifications  to  hit  for  any  trans- 
])arent  materials  known  to-daw  'J'he  ordinary  linen  used  on 
airplanes  weii^hs  three  and  one-half  to  four  ounces  per  s(|uare 
yard,  and  the  \vei<;hl  of  tlie  coatini^^  js  ap])roximately  two  ounces 
per  s(piare  yard.  and.  as  there  is  a  top  and  bottom  layer  of  fabric 
on  each  \vin<i^.  the  cloth,  plus  coating,  weij^hs  about  lo  to  12 
ounces  per  s(juare  yard  of  wing  surface. 

A  sinf]^le  sheet  of  cellulose  acetate  film  0.010  inch  thick  would 
weigh  per  s(iuare  yard  just  about  the  same  as  the  double  layer  of 
coated  finen  cloth.  The  film  has  a  tensile  strength  per  inch  width 
of  about  80  pounds,  it  is  reasonably  resistant  to  flame,  is  proof 
against  salt  water,  although  it  has  a  very  shght  absorption  of 
moisture,  and  when  thoroughly  seasoned  there  is  very  httle  stretch. 
Like  all  other  films,  however,  it  does  have  a  tendency  to  tear  and 
split  because  of  tack  holes,  and  the  same  would  apply,  of  course, 
to  bullet  holes. 

In  order  to  overcome  this,  experiments  are  l>eing  made  on  a 
wire-mesh  fabric  filled  with  a  cellulose  acetate  film,  and  a  sample 
of  such  a  fabric  I  have  here.  This  particular  sample  is  woven 
of  bronze  wire,  weighs  about  25  ounces  per  scjuare  yard,  and  has 
a  tensile  strength  of  about  100  pounds  per  inch  width.  A  single 
layer  of  this  fabric,  therefore,  weighs  about  twice  as  much  as  the 
present  wing  covering  per  square  yard. 

In  order  to  lighten  this  mesh,  some  experiments  have  been 
made  with  a  12-mesh  aluminum  wire  gauze  made  out  of  0.016- 
inch  wire.  A\'ith  the  use  of  aluminum  the  finished  weight  per 
square  yard  has  been  reduced  to  17  ounces,  but  even  this  is  50 
per  cent,  more  than  the  present  wing  covering  or  General  Squier's 
specifications,  assuming,  when  he  stated  that  the  transparent  wing 
covering  must  weigh  five  ounces  per  square  yard,  that  this  means 
the  single  covering.  At  the  present  time  we  are  endeavoring  to 
get  a  more  open  mesh  fabric  with  even  finer  wire,  so  as  to  give 
greater  transparency  and  lightness.  Assume,  however,  that  the 
average  total  wing  spread  of  an  airplane  is  500  square  feet,  or 
55  square  yards,  then,  even  if  the  wing  covering  is  10  ounces  per 
square  yard  heavier  than  the  present  covering,  this  increase  would 
amount  to  only  35  pounds,  which  isn't  even  the  difference  in  weight 
between  a  fat  and  a  skinnv  aviator. 
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Artificial  Leather  and  Leather  L'inishes. 

'Jlic  only  cellulose  prodiut  used  lOr  tlii>  purpose  in  the  United 
States  to  any  extent  is  a  cellulose  nitrate  and  castor  oil  conihina- 
tion.  Cellulose  acetate  has  not  t'ound  any  advantaj^e  for  this  pur- 
IK)se  as  yet.  ])riniarily  because  it  will  not  blend  satisfactorily  with 
castor  oil  (ir  any  other  oil.  It  is  also  too  expensive,  aud  its 
solvents  are  too  expensive.  Most  of  these  artificial  leather  coat- 
ings are  loaded  with  ])i^inents  which  tend  to  reduce  the  inllam- 
niability  of  the  cellulose  nitrate.  There  is  a  distinct  i)reju(lice, 
which  amounts  almost  to  prohibition,  against  the  use  of  a  cellu- 
lose nitrate  artificial  leather  in  car  curtains.  At  present  these  are 
coated  with  materials  other  than  cellulose  compounds.  The  use  of 
artificial  leather  at  the  present  day — and  by  this  I  mean  particu- 
larly embossed  coated  cloth — is  a  very  large  business,  millions  of 
yards  being  annually  produced,  and  it  is  really  fortunate,  with 
the  decreasing  leather  supply,  that  such  a  substitute  is  available 
for  many  purposes.  There  is  still  a  great  deal  of  room  for  im- 
provement in  artificial  leather  products,  because  the  present  ma- 
terial is  not  adaptable  as  a  substitute  for  upper  leather  on  shoes. 
The  coating  is  not  sufficiently  resistant  to  stand  the  necessary  wear. 

Fil)ii>s. 

Viscose,  cellulose  nitrate,  and  cellulose  acetate  are  all  used  in 
the  production  of  films.  As  was  previously  stated,  all  the  viscose 
on  the  market  is  in  very  thin  sheets,  approximately  0.00 1  inch 
thick,  which  are  used  for  wrapping  purposes,  although  experi- 
menting is  being  carried  out  on  thicker  products  for  photographic 
purposes.  Viscose  has  the  disadvantage  of  not  being  nearly  as 
waterproof  as  nitrate  or  acetate  film;  that  is,  it  has  a  relatively 
high  water  absorptive  capacity,  which  for  some  film  uses  is  of  no 
consequence,  and  for  others  is  a  decided  detriment.  Cellulose 
acetate  has  not  displaced  cellulose  nitrate  in  this  country  for 
camera  and  cinematograph  purposes.  The  reason  for  this  is  en- 
tirely commercial,  and  has  no  bearing  on  the  intrinsic  merit  of 
cellulose  acetate  for  this  purpose.  In  France  and  Germany  the  use 
of  non-inflammable  cinematograph  films  is  compulsory,  and  ulti- 
mately it  W'ill  be  in  this  country,  although  when  this  becomes  the 
case  it  does  not  necessarily  mean  that  the  film  will  be  cellulose 
acetate,  for  it  might  be  viscose  or  a  cellulose  ether  film.  For 
various  uses  where  the  non-inflammable   feature   is  of  distinct 
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acKanta^e  cellulose  acetate  films  are  ^^radually  being  substituted 
for  celluloid  nims.  and  are  llndinj^  adaptation  where  celluloid  has 
never  been  used,  and  this  in  spite  of  the  very  much  hio^her  cost  of 
the  cellulose  acetate  film.  Many  thousands  of  j^og<(les  are  pro- 
duced every  week  of  the  non-inllammable  him,  and  1  have  here  a 
number  of  samples  of  various  sizes  and  color  combinations.  For 
other  forms  of  protective  masks  and  helmets  these  films  are  also 
used,  and  the  advantage  of  the  non-inflammability,  of  course,  is 
self-evident.  Visible  indexes  or  visible  card  systems  are  extend- 
ing rapidly.  A  great  deal  of  celluloid  is  used  as  a  transparent 
covering  in  the  manufacture  of  these  indexes,  and  some  of  the 
largest  concerns  are  wide  awake  to  the  great  danger  of  the  use 
of  celluloid  in  connection  with  these  valuable  and  difficultly  re- 
placeable records,  and  are  demanding  the  substitution  of  a  non- 
inflammable  film  for  this  purpose.  A  novel  use  of  cellulose  acetate 
film  has  been  tried  this  winter  near  Boston.  A  street  railway  com- 
pany found  itself  short  of  closed-car  equipment,  and  was  unable 
to  secure  new  cars.  It  therefore  made  over  some  of  its  open  cars 
into  closed  smoking  cars  by  installing  heaters  and  inserting  cellu- 
lose acetate  windoAvs  in  the  curtains. 

There  are  numerous  other  places  where  the  substitution  of  a 
waterproof,  non-inflammable  film  seems  to  be  desirable. 

Ccllulosic  Filaments. 

Perhaps  the  most  fascinating  application  of  cellulose  com- 
pounds is  in  the  manufacture  of  artificial  silk,  and  incidentally 
coarse  filaments  as  substitutes  for  horse-hair  and  artificial  bristles. 
Recovered  cellulose  filaments  are  not  particularly  suitable  for 
bristle  purposes,  because  they  distort  so  badly  when  wet.  Cellu- 
lose nitrate  is  not  adaptable  on  account  of  its  high  inflammability. 
This  leaves  cellulose  acetate,  then,  as  the  most  suitable  compound, 
but  even  cellulose  acetate  bristles  have  a  defect  in  common  with 
the  others;  that  is,  they  lack  resiliency  or  life,  and  when  sharply 
bent  do  not  spring  back  to  their  original  position.  This  is  well 
illustrated  in  this  hair-brush,  which  was  made  in  England  and 
arrived  in  the  condition  shown  here.  This  brush  is  several  years 
old.  as  well  as  this  little  clothes  brush  in  w^hich  acetate  bristles 
make  up  the  body  of  the  brush,  but  the  outer  edge  is  made  up  of 
natural  bristles.     This  is  still  in  excellent  condition. 
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I'll  fortunately  there  is  not  snfticient  time  to  discuss  in  great 
detail  the  various  i)rocesses  of  manufacturing  artificial  silk  and 
the  ditlerences  in  the  prcxlucts  obtained,  lirietly.  however,  there 
are  four  processes  being  operated  at  the  i)resent  day — the  Char- 
donnet  or  cellulose  nitrate  process,  the  Cu])rammonium  process, 
ilic  X'iscose  process,  and  the  Cellulose  Acetate  process.  The  final 
])roducts  of  the  first  three  processes  are  not  chemically  very  dis- 
similar, as  they  are  all  straight  recovered  cellulose,  or  hydrated 
cellulose.  It  is  true  that  the  Chardonnet  or  celluhjse  nitrate 
process  produces  directly  a  filament  composed  of  a  cellulose  ester, 
but  this,  of  course,  is  so  highly  infiammal)le  that  the  silk  must  go 
through  a  process  of  denitration  to  eliminate  the  nitrate  radicle, 
leaving  the  silk  ultimately  as  recovered  cellulose.  Of  these  three 
processes,  the  viscose  process  is  the  more  recent  and  is  making 
the  most  rapid  strides,  and  bids  fair  to  ultimately  replace  the 
other  two.  All  these  silks,  however,  have  one  very  fundamental 
defect,  and  that  is  their  great  loss  of  strength  when  wet.  The  ten- 
sile strength  will  drop  ofif  75  to  80  per  cent.  A  process  called  the 
Sthenosage  process  was  invented  some  time  ago  for  treating 
artificial  silk  with  formaldehyde  and  other  chemicals  for  the  pur- 
pose of  increasing  its  strength  when  wet.  In  so  far  as  I  can 
learn,  however,  this  process  has  not  had  extensive  application,  and 
I  have  l>een  informed  that  the  chief  reason  for  this  has  been  that 
it  affects  the  dyeing  properties  of  the  silk,  and  the  process  is 
difficult  to  control. 

The  baby  in  the  artificial  silk  field  is  cellulose  acetate  silk. 
Inasmuch  as  the  acetyl  radicle  does  not  impart  inflammability  to 
the  cellulose,  it  is  not  necessary  to  remove  it,  and  as  cellulose 
acetate  is  essentially  waterproof,  the  silk  is  likewise  so.  Cellulose 
acetate  silk  is  very  much  stronger  wet  than  any  other  type  of 
artificial  silk.  Whereas  viscose  silk,  for  example,  will  lose  75  to  80 
per  cent,  of  its  tensile  strength  when  wet,  cellulose  acetate  will 
lose  only  20  to  25  per  cent,  of  this  strength,  and  consequently, 
whereas  the  dry  silks  have  about  the  same  strength,  the  wet 
acetate  silk  has  over  three  times  the  strength  of  wet  viscose  silk. 
Viscose  in  an  atmosphere  saturated  with  moisture  at  normal  tem- 
peratures will  pick  up  about  30  per  cent,  of  its  original  weight  of 
water,  with  proportionate  decrease  in  strength,  whereas  acetate 
silk  will  pick  up  only  about  6  per  cent,  of  water,  and  the  conse- 
quent decrease  in  strength  is  very  little.     The  relative  loss  of 
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strcnj;th  of  these  two  t}i>es  of  silk  can  Ik-  illustrated  by  this  very 
simple  experiment.  The  silk  uscil  in  this  test  is  150  denier,  and 
J  will  make  a  double  loop  of  it  and  han^  on  it  a  500-14 ramme 
weij^ht,  which  it  on^^^ht  to  readilx  sui)port  when  dry.  If  this  vis- 
cose silk  now  is  moistened,  the  loss  in  strenj^th  is  so  jj^reat  and 
rapid  that  the  silk  will  no  lonj^er  sustain  this  weight.  I  f  this  same 
experiment  he  repeated  with  cellulose  acetate  silk,  as  can  be 
readily  seen,  the  strength  of  the  silk,  v.et  as  well  as  dry,  is  en- 
tirely sufficient  to  carry  the  weight. 

Chardonnet,  Viscose,  and  Cuprammonium  silks  are  all  prac- 
tically straight  cellulose,  and  in  their  (l\eing  properties  they  are 
identical  with  cotton,  although  usuall\',  on  account  of  the  treat- 
ment they  have  gone  through,  their  affinity  for  the  dyes  is 
slightly  greater.  Cellulose  acetate  silk,  however,  being  a  cellulose 
compound,  has  quite  different  dyeing  properties  from  the  other 
artificial  silks,  and  it  has  different  dyeing  properties  than  any  other 
fibre,  so  that  in  this  respect  alone  it  constitutes  a  product  of  en- 
tirely new  possibilities.  Cellulose  acetate  silk  of  the  type  of  this 
sample  cannot  be  dyed  with  direct  cotton  colors  nor  with  sulphur, 
acid,  or  vat  colors  unless  the  alkali  used  in  the  dyeing  is  of 
sufficient  strength  and  the  treatment  sufficiently  drastic  to  partially 
saponify  the  silk. 

Those  \vho  are  familiar  with  dyeing  methods  can  readily  see 
that  the  cross-dyeing  possibilities  of  cellulose  acetate  silk  unions 
are  Cjuite  outside  the  range  of  those  of  any  other  artificial  silk 
fibre.  For  exampk,  it.is  possible  to  weave  a  fabric  of  cotton  warp 
and  acetate  silk  filling  or  pattern  and  dye  the  fabric  with  a  direct 
cotton  color,  leaving  the  silk  uncolored,  or  it  is  possible  to  dye 
the  fabric  with  a  basic  color  without  mordant,  thereby  coloring 
the  silk  and  leaving  the  cotton  uncolored.  The  same  can  be  done 
with  an  artificial  silk  union,  part  acetate  silk  and  part  viscose  silk, 
and  even  in  cotton,  wool  and  cellulose  acetate  silk  unions  it  is 
possible  to  color  the  cotton  and  the  wool  and  leave  the  silk  un- 
colored. Cellulose  acetate  silk  is  also  a  very  good  resist  tO'  log- 
w^ood  dyes,  which  is  another  distinct  advantage.  (You  may  be 
interested  later  in  looking  at  these  few  samples  of  artificial  silk 
which  I  have  here — some  acetate  silk,  and  others  viscose  silk. ) 
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INEQUALITY    OF   SEASONAL    TEMPERATURE    CHANGE    OF    LOWER    AND 

UPPER    ATMOSPHERE. 

As  just  explained,  if  7\,  is  the  absolute  temperature  of  the 
l)lack  surface  that  gives  off  radiation  e(|uivalent  to  that  sent  out 
bv  the  convective  portion  of  the  atmosphere  and  7",  the  absolute 
temperature  of  the  isothermal  region,  then 

Ti  =  Ti  V2  =0.84  Ti,  roughly. 

Hence  the  greater  T.>,  or  the  warmer  the  lower  atmosphere, 
if  its  composition  remains  the  same,  the  greater  the  difference 
between  T^  and  1\,,  or  the  greater  the  contrast  l>etween  the  tem- 
perature of  the  lower  atmosphere  and  that  of  the  isothermal  re- 
gion. This  is  in  keeping  with  the  observed  fact  (Fig.  15),  that; 
the  seasonal  difference  in  the  temperature  of  the  isothermal  region^ 
while  in  the  same  sense  as  that  of  the  lower  atmosphere,  is  not 
so  great  as  is  the  latter.  Because  of  seasonal  differences  in  the 
composition  of  the  lower  atmosphere,  especially  in  the  average 
amount  and  distribution  of  water  vapor,  there  can  be  no  constant 
relation  between  the  above  temperature  differences — only  the 
qualitative  relation  as  given. 

HEIGHT    OF    THE    ISOTHERMAL    REGION. 

If  H^  is  the  height  and  T^  the  temperature  of  the  under  sur- 
face of  the  isothennal  region  above  the  level  //(,,  whatever  that 
may  be,  whose  temperature  is  T^,  then 

As  above  explained,  the  greater  the  temperature  of  the  lower 
atmosphere,  the  greater  the  difference  between  this  temperature 
and  that  of  the  isothermal  region,  or,  in  symbols,  the  greater  Tq 
the  greater  1\-T^,  and  therefore  the  greater  H^.  Hence  the  iso- 
thermal region  should  be  at  a  greater  elevation  during  summer 
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tlian  (lurin<4  winter.     Another  way  of  showing  this  same  thin^;- 
is  as  follows : 

Let  the  difference  l)etween  the  summer  and  winter  tempera- 
tures of  the  lower  atmosphere  be  ^1\>  throughout,  and  the  cor- 
responding difference  between  the  temperatures  of  the  upper 
atmosphere  ^7',,  then,  according  to  the  above  theory,  A?',  = 
o.84Ar2.  roughly.  This,  as  already  explained,  is  a  radiation  re- 
sult. The  inecpiality  or  o.  \G^T.,  is  produced  by  convection.  Now 
if  //  is  the  change  in  elevation  corresponding  to  i"-"  C,  we  have 

A//  =  o.i6Ar./i. 

But,  Ar2,  winter  to  summer,  is  roughly  12°  C,  and  h  about 
1 10  metres.  Hence  the  change  in  the  seasonal  elevation  of  the 
isothermal  region,  if  there  is  constancy  in  atmospheric  composi- 
tion, is,  roughly, 

AH  =  0.16  X  12  X  1 10  =  21 1.2   metres. 

It  must  be  distinctly  noted,  however,  that  many  disturbing 
elements,  such  as  quantity  and  distribution  of  water  vapor,  fre- 
quency and  extent  of  cirrus  clouds,  and  the  like,  so  modify  these 
simple  relations  that  they  apply  only  to  average  conditions,  and  to 
them  but  approximately. 

STORM   EFFECTS   ON   TEMPERATURE    GRADIENTS. 

The  average  of  a  season's  (winter  or  summer)  vertical  tem- 
perature gradients  gives  a  fairly  regular  curve,  and,  of  course, 
the  same  would  be  trye  of  the  average  of  these  averages,  or  what 
might  be  called  the  annual  gradient  for  any  given  locality.  How- 
ever, each  particular  flight  yields  its  own  temperature-altitude 
curve,  which  differs  more  or  less  from  others  of  the  same  place 
and  season,  especially  in  the  values  of  the  gradients  in  the  first 
tw^o  or  three  kilometres  elevation,  in  the  absolute  temperatures  at 
other  levels,  and  in  the  location  of  the  upper  inversion. 

With  the  view  of  determining  the  causes  of  some  of  these 
flight-to-flight  irregularities,  both  the  summer  and  the  winter 
records  from  which  the  corresponding  seasonal  gradients  were 
determined  were  grouped,  according  to  the  heights  of  the  barome- 
ter at  the  times  and  places  of  observation,  into  "  highs,"  "  neu- 
trals," and  ''  lows."  Thus  the  "  highs  "  belong  to  barometric 
readings  of  765  mm.  or  more;  the  ''  neutrals  "  to  readings  from 
757.5  mm.  to  762.5  mm.;  the  "lows"  to  readings  of  755  mm. 
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or  less,  all  reduced  to  sea  level.  While  the  observations,  espe- 
cially those  classed  as  lows,  are  not  sufViciently  numerous  to  ^ive 
averaj^es  entirely  free  from  irrei^ularities,  nevertheless  thev  pro- 
duce distinct  types  of  curves  that  any  lar<;er  number  probably 
would  but  slightly  modify. 

¥'\^.  1 6  shows  the  winter  averaj^es,  respectively,  of  32  hij^dis, 
13  neutrals,  and  7  lows.     Commonly,  as  the  figure  shows,  a  high 

Fig.   16. 
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Temperature  gradients  at  different  pressures,  winter. 

baronieter  in  the  winter  is  accompanied  by  low  surface  tempera- 
tures, a  slow  decrease  of  temperature  up  to  an  elevation  of  about 
three  kilometres,  relatively  warm  air,  in  general,  between  the 
levels  of  two  and  nine  kilometres,  a  high  upper  inversion,  and  a 
cold  isothermal  region.  A  winter  low,  on  the  contrary,  and  in 
comparison  wnth  a  high  of  the  same  season,  is  accompanied  by 
warm  surface  temperatures,  a  more  rapid  decrease  of  tempera- 
ture with  increase  of  elevation  through  the  first  three  kilometres. 
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relatively  cold  air  from,  roui^hly,  two  to  nine  kilometres  elevation, 
a  low  upper  inversion,  and  a  warm  isothermal  rej^ion. 

The  normal  barometer,  as  one  would  expect,  is  accompanied 
l)y  intermediate  values  in  all  particulars. 

The  corresponding^  summer  ji^radients  (averag"es,  respectively, 
of  35  highs,  41  neutrals,  and  9  lows),  g^iven  in  Mg.  17,  show, 
except  near  the  surface,  where  the  lows  remain  cold  and  the  highs 
warm,  the  same  characteristics  as  do  those  of  winter. 
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Temperature  gradients  at  different  pressures,  summer. 

Both  the  summer  and  the  winter  curves  follow  exactly  the 
averages  of  the  observations,  except  for  slight  deviations  in  the 
isothermal  region,  as  shown.  Naturally,  the  higher  the  level  the 
fewer  the  observations  secured,  a  fact  that  explains  the  irregu- 
larities in  the  isothermal  region  and  justifies,  in  a  sense,  smooth- 
ing the  curves  in  an  effort  to  distinguish  clearly  the  different 
types  of  gradients. 

An  obvious  contributing  cause  of  these  differences  in  tem- 
perature  is   the   warming  of   the    air  by   compression   and   its 
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cooling  l)y  expansion  inciclcnl  to  barometric  changes;  an  amount 
which,  startin*;  with  dry  air  at  o  C"..  is  given,  as  explained  on 
pat^e  lO^^,  hy  the  equation 

dp        p  ' 
in  which  [^  is  the  pressure,  expressed  in  milhmetres  of  mercury, 
and  dT  the  change  of  temperature  in  degrees  Centigrade. 

According  to  Figs.  16  and  17,  the  temperature  at  the  altitude 
of  four  kilometres  is  about  7°  C.  warmer  both  winter  and  sum- 
mer in  the  regions  of  high  barometric  pressure  than  it  is  in  the 
regions  of  low  pressure.  But  to  secure  this  temperature  differ- 
ence as  a  result  of  pressure  change  only,  would  require  a  rise 
or  fall  of  the  barometer  at  this  level  of  about  40  mm.,  or  some- 
thing like  70  mm.  at  sea  level,  and,  since  this  is  several-fold  the 
average  pressure  change,  it  is  obvious  that  the  observed  tempera- 
ture differences  cannot  in  the  main  be  accounted  for  in  this  way, 
though,  of  course,  the  pressure  effect  must  be  present  to  some 
extent. 

Another  contributing  cause  of  temperature  differences,  gen- 
erally associated  with  the  height  of  the  barometer,  is  the  clear 
and  cloudy  condition  of  the  sky,  or  the  humid  and  the  dry  state 
of  the  atmosphere.  A  barometric  high,  as  we  know,  commonly 
is  accompanied  by  clear  skies  and  a  dry  atmosphere,  while  in  the 
region  of  a  low  the  sky  ordinarily  is  overcast,  the  atmosphere 
relatively  moist,  and  precipitation  abundant — conditions  that  have 
much  to  do  with  air  temperatures.  Thus,  generally,  at  the  end 
of  any  consecutive  24  hours  of  clear  weather  the  surface  of  the 
earth  will  be  warmer  in  the  summer  time  and  colder  in  the  winter 
because  of  the  unequal  lengths  during  those  seasons  of  the  day 
and  night.  On  the  whole,  the  earth  gains  heat,  especially  in 
clear  weather,  during  summer  and  loses  it  in  the  w'inter.  A  cloud 
covering,  however,  greatly  reduces  the  rate  of  this  gain  or  loss, 
and  therefore  during  winter  the  surface  temperature  is  lowest 
when  the  barometer  is  high  and  the  earth  can  radiate  most  freely 
to  space,  while  it  is  warmest  when  the  barometer  is  low  and 
the  sky  so  overcast  as  to  check  radiation  loss. 

In  the  summer  time,  as  explained,  the  conditions  of  gain  and 
loss  of  heat  are  the  reverse  of  those  during  winter,  consequently 
the  highest  summer  surface  temperatures  accompany  the  high 
barometer,  or  clear  weather,  w^hile  the  lowest  accompany  cloudy 
skies. 
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W  hen  the  haronieter  is  distinctly  al)Ove  normal  the  tempera- 
ture I'all  with  increase  of  altitude  U])  near  the  stratosphere  i^en- 
erally  follows  approximately  the  adiahatic  curve  f(;r  dr\-  air. 
When,  however,  the  barometer  is  low  the  temperature  gradient 
usually  is  far  less  constant  at  all  elevations,  owing  to  irregularities 
in  the  humidity  distribution  and  the  consequent  varying  amounts 
and  places  of  precipitation,  in  many  cases  the  temperature  gra- 
dient over  varying  heights  is  essentially  the  adiahatic  curve  for 
saturated  air  at  the  prevailing  temperature  and  pressure;  that  is, 
a  fall  of  temperature  per  given  change  in  altitude  is  less,  other 
things  being  equal,  the  greater  the  amount  of  uncondensed  humid- 
ity present. 

Since  the  curves  of  Figs.  i6  and  ly  are  the  averages  of  a 
number  of  flights,  it  may  l)e  approximately  correct,  in  an  effort 
to  account  for  their  differences,  to  start  with  something  like  aver- 
age conditions  and  trace  the  conse(juences.  Let  these  conditions 
be  a  moist  atmosphere  in  the  one  case  and  a  dry  one  in  the  other, 
each  having  the  same  temperature  as  the  other  at  all  levels.  The 
moist  atmosphere,  because  a  better  radiator  than  the  dry,  will, 
under  the  same  conditions  of  exposure  and  at  the  end  of  the  same 
interval  of  time,  cool  to  a  low^r  temperature,  but  in  so  doing — 
that  is,  in  getting  rid  of  its  own  heat  most  rapidly — it  at  the 
same  time  supplies  heat  at  greater  rate  to  any  neighboring  region 
that  receives  it  by  radiation  only.  Therefore  when  the  lower 
atmosphere  is  moist  it  will,  under  like  conditions,  radiate  heat 
most  rapidly  to  and  through  the  always  dry  air  of  the  isothermal 
region,  and  while  ge'tting  cold  itself  will  at  the  same  time  warm 
this  region  to  a  temperature  above  its  average.  On  the  contrary, 
in  the  region  of  a  high  barometer  the  lower  air,  being  relatively 
dry  and  therefore  a  poor  radiator,  will  conserve  its  own  tempera- 
ture, but  in  so  doing  will  allow  the  isothermal  region  to  get  cold 
in  comparison  with  its  temperature  during  the  prevalence  of  a 
low  at  the  same  season. 

Since  the  temperature  of  the  isothermal  region  depends  es- 
sentially upon  the  amount  of  radiation  received  from  the  lower 
atmosphere,  it  follows  that,  on  the  average,  the  temperatures  of 
the  two  regions  must  vary  in  the  same  sense,  or  warm  and  cool 
together,  and  this,  indeed,  is  just  what  happens,  as  the  winter  and 
summer  gradients  of  Fig.  15  indicate.  It  is  surprising,  therefore, 
when  we  find  the  temperatures  of  these  regions  varying  in  the 


Sept.,  lyi/.j  ruVSlLS    UK    THE    AlR.  377 

opposite  sense,  the  one  getting  warm  while  the  other  is  getting 
cokl.  But  it  must  he  rememherocl  lliat  the  lower  [itniosphere  is 
warmed  convectionally.  in  large  pari,  while  the  ui)per  air  is 
warmeil  almost  wholl)  l)y  radiation,  hurtlier,  convection  must 
ohtain  wherever  the  actual  temperature  differs  from  that  which 
gives  the  equilibrium  between  absorption  and  radiation.  Ilence 
whatever  increases  radiation  from  the  lower  air,  increase  of 
humidity  or  temperature,  or  both,  must  tend  to  increase  the  tem- 
jx^rature  of  the  isothermal  region,  and  whatever  decreases  this 
radiation,  decrease  of  humidity  or  temperature,  or  both,  must 
decrease  its  temperature  below'  that  which  it  otherwise  would 
have.  Now  the  average  seasonal  change  of  the  lower  atmosphere 
is  primarily  one  of  temperature,  whiTe  the  average  storm  differ- 
ence of  a  given  season  appears  to  be  largely  one  of  humidity. 
The  high  temperature  of  summer  obxiously  affc^rds  a  more  abun- 
dant radiation  than  the  relatively  low  temperature  of  winter  and 
should  give,  as  we  have  seen,  a  warmer  isothermal  region.  Simi- 
larly, the  different  intensities  of  radiation  from  humid  and  rela- 
tively dry  air  would  lead  one  to  expect  the  stratosphere  to  be 
warmer  over  a  cyclonic  than  o\er  an  anticyclonic  area. 

Another  important  factor,  presumably  the  controlling  one,  in 
the  temperature  contrasts  between  cyclonic  and  anticyclonic 
regions  is  the  vertical  movement  of  the  atmosphere,  downward  in 
the  former,  upward  in  the  latter.  Probably,  at  least,  a  large  por- 
tion of  the  anticyclonic  excess  of  air  that  gives  the  increase  of 
pressure  and  makes  good  the  loss  by  outflow  is  fed  in  at  con- 
siderable altitudes,  though  below  the  isothermal  level.  If  the  air 
movement  is  as  here  supposed,  there  necessarily  must  be  dynamical 
heating  throughout  the  lower  atmosphere,  partly  because  of  the 
initially  increased  pressure,  but  mainly  through  descent.  At  the 
same  time  the  atmosphere  of  the  isothermal  region  would  be  more 
or  less  lifted  and  cooled  by  the  resulting  expansion. 

Conversely,  if,  as  there  is  much  reason  to  believe,  the  chief 
removal  of  atmosphere  over  cyclonic  areas  is  also  from  con- 
siderable altitudes,  but  below  the  isothermal  region,  the  low^er 
atmosphere  must  be  dynamically  cooled,  partly  by  virtue  of  the 
immediately  decreased  pressure,  but  chiefly  through  ascent.  The 
stratosphere  would  be  lowered  and  its  temperature  thereby  in- 
creased. It  seems  likely,  too,  that  under  these  conditions  there 
would  be  a  somewhat  continuous  slow  movement  of  air  from  the 
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stratosphere  down  into  tlic  rci^inn  of  llic  troi>osphere  (convection 
region),  with,  of  conrse.  counlertlows  elsewhere  and  sul)sequent 
readjnstnients  of  the  level  ni  the  isothermal  region  as  teniperatnre 
and  other  conditions  changed. 

Radiation  intensity,  barometric  pressure,  and  vertical  circula- 
tion, therefore,  appear  all  to  cociperate  in  lowering  the  tempera- 
ture of  the  tr(>])osphere  and  raising  that  of  the  stratosphere  in 
cyclonic  regions.  Conversely,  they  appear  equally  to  cooperate 
in  raising  the  temperature  of  the  tro|K>sphere  and  lowering  that 
of  the  stratosphere  in  anticyclonic  regions. 

The  above  temperature  conditions  are  averages,  respectively, 
for  the  whole  of  cyclonic  and  anticyclonic  areas.  Subdivisions 
of  these  areas  show  temperature  contrasts  between  their  several 
quadrants,  owing,  in  part  at  least,  to  differences  in  horizontal 
wind  direction  and  the  distribution  of  condensation  and  evapora- 
tion. This  interesting  detail,  however,  scarcely  belongs  to  a  dis- 
cussion of  the  isothermal  region,  but  rather  to  an  account  of  the 
two  types  of  weather  concerned,  under  which  heads  it  will  receive 
further  consideration. 

RELATION  OF  THE  ISOTHERMAL  REGION  TO  LATITUDE. 

It  is  well  known  that  both  the  height  and  temperature  of  the 
stratosphere  are  functions  of  latitude.  In  the  northern  hemi- 
sphere, during  summer,  the  under  surface  of  the  stratosphere 
gradually  rises  from  about  lo  kilometres  above  sea  level  at  lati- 
tude 60^  to  approximately  15  kilometres  at  the  equator,  w^hile 
the  temperature  correspondingly  changes,  roughly,  from  -45°  C. 
to  -70^  C.  Similar  altitude  and  temperature  changes  of  the 
stratosphere  with  latitude  obtain,  so  far  as  observed,  during  all 
seasons  and  in  both  hemispheres,  though  the  exact  cause,  or 
causes,  of  these  variations  is  not  known. 

Changes  in  the  amount  of  radiation  from  below  and  changes 
in  the  diathermacy  of  the  upper  air  at  once  occur  as  possible  ex- 
planations of  die  above  latitude  effects.  The  warm  surface  tem- 
peratures of  equatorial  regions  necessarily  cause,  through  vertical 
convection,  abundant  cloudiness  at  high  altitudes.  These  clouds, 
in  turn,  intercept  much  of  the  radiation  from  below,  either  re- 
flecting or  absorbing  it.  The  portion  reflected  obviously  does 
not  directly  warm  the  cloud,  but  somewhat  raises  the  temperature 
of  the  troposphere,  while  a  portion  of  that  which  is  absorbed 
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merely  produces  evajx>ration  rather  than  a  rliaii^^v  of  tenipLTalurc. 
Hence,   presuniahly,   the  h'\^\\  clouds  of  equatorial   rej^ions,  and 
also  the  considerable  humidity  there  at  ^reat  altitudes,  owinjj^  to 
the  persistent  vertical  conxection,  raise  the  level  and  thereby  de- 
crease the  temperature  of  the  effective  radiating  surface,  thus 
diminishing  the  intensity  of  the  radiation  that  reaches  the  strato- 
sphere, and  permitting  its  temperature  to  l>e  correspondingly  low. 
Some  of  the  heat  thus  absorbed  in  the  lower  atmosphere  con- 
ceivably may  manifest  itself  in  an  acceleration  of  interzonal  cir- 
culation in  e(|uatorial  regions  and  an  increase  of  outgoing  radia- 
tion at  higher  latitudes. 

There  is.  of  course,  abundant  cloudiness  over  the  hiirher  lati- 
tudes  as  well  as  in  equatorial  regions,  but  there  the  atmosphere 
is  more  generally  descending  instead  of  ascending,  the  clouds  low, 
the  humid  layer  shallow,  and  consequently  the  effective  radiating 
surface  and  the  stratosphere  comparatively  warm. 

Conceivably,  too,  the  composition  of  the  stratosphere  may 
differ  with  latitude.  Because  of  auroral  concentration  and  be- 
cause of  any  poleward  drift  there  may  be  of  the  upper  atmos- 
phere, perhaps  there  is  more  ozone,  intensely  absorptive  of 
earth  radiation,  over  high  than  over  low  latitudes.  Doubtless, 
also,  there  are  local  differences  in  the  water  vapor  content  of  the 
stratosphere,  but  at  most  the  absolute  humidity  of  this  region 
must  be  exceedingly  small,  as  is  obvious  from  its  excessively  low 
temperature,  and  from  the  fact  that  marked  temperature  changes 
of  the  upper  atmosphere,  amounting  at  times  to  20°  C,  or  more, 
never,  so  far  as  known,  produce  clouds  above  the  high  cirrus; 
that  is,  above  the  upper  levels  of  the  troposphere. 

As  previously  stated,  the  essential  cause  of  the  relation  of 
the  temperature  of  the  stratosphere  to  latitude  is  not  known,  but 
it  seems  probable  that  this  relation  may  depend,  in  part  at  least, 
upon  the  distribution  of  clouds,  water  vapor,  and  ozone,  and 
therefore  that  each  deserves  further  observation  and  study  in  this 
connection. 

Chapter  V. 

COMPOSITION    OF    THE    ATMOSPHERE. 

Ix  the  previous  discussions  the  actual  composition  of  the 
atmosphere  was  of  little  or  no  importance.  In  some  that  follow, 
however,  barometric  hypsometry.  for  instance,  or  the  determina- 
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tion  of  altitiulc  from  pressure,  it  is  a  factor  that  cannot  always 
be  neglected.  It  will  he  convenient,  therefore,  before  considering 
such  subjects,  to  note  of  what  substances  the  atmosphere  consists 
and  in  what  proportions  they  occur. 

If  we  disregard  such  obviously  foreign  things  as  dust,  fog, 
and  cloud,  then  whatever  remains  api)ears  to  be  ideally  homo- 
geneous, under  ordinary  conditions,  and  in  many  discussions,  such 
as  most  of  those  of  tlic  ])revious  pages,  it  conveniently  may  be 
so  treated.  The  Greek  philosophers,  indeed,  regarded  the  at- 
mosphere as  one  of  the  four  elements  that  singly  and  combined 
constituted  the  whole  of  the  material  universe.  To  them  it  was 
an  element  in  the  strictest  sense  which  could  not  be  divided  into 
dissimilar  parts. 

In  reality  it  is  not  even  a  single  substance  like  water,  much 
less  a  single  element,  but  a  mixture  of  a  number  of  gases  and 
vapors  that  radically  difYer  from  each  other  in  every  particular ; 
nor  are  even  the  relative  percentages  of  the  several  distinct  con- 
stituents at  all  constant.  The  story  of  the  chemical  conquest  of 
the  atmosphere,  from  the  calcination  and  combustion  experiments 
of  the  seventeenth  and  eighteenth  centuries  that  established  its 
complexity  down  to  tlie  refined  analyses  of  the  present  day  that 
note  and  account  for  even  the  faintest  traces,  is  full  of  instruc- 
tion and  inspiration.  However,  it  is  practicable  to  give  here  only 
some  of  the  final  results. 

According  to  Ilann,^^  the  chief  independent  gases  that  are 
blended  into  a  dry  atmosphere  at  the  surface  of  the  earth,  and 
their  respective  volume  percentages,  are  as  follow^s : 

Carbon 
Element Nitrogen    Oxygen        Argon      dioxide     Hydrogen        Neon  Helium 

Volume,  per  cent.  .78.03         20.99        0.94        0.03         o.oi         0.0012         0.0004 

In  addition  to  these,  kr}'pton  and  xenon  also  occur  as  perma- 
nent constituents  of  the  atmosphere.  There  are  also  many  sub- 
stances, such  as  radio-active  emanations,  the  oxides  of  nitrogen, 
ozone,  and,  above  all,  water  vapor,  that  are  found  in  varying 
ajnounts,  but  of  these  only  water  vapor  commonly  forms  an 
appreciable  percentage  of  the  total  atmosphere,  a  percentage  that 
depends  chiefly  upon  temperature  in  the  sense  that,  for  any  given 
pressure,  the  higher  the  temperature  the  greater  the  possible  per- 
centage of  water  vapor.     This  relation  holds  up  to  the  boiling- 

^^  "  Lehrbuch  der  Meteorologie,"  3d  ed.,  p.  5. 
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point  oi  water  at  tlu'  «;ivcn  prcsMirc.  when,  assiiniin«^  saturation, 
there  will  ho  nothini^  hut  water  vapor  present,  or  its  i)ereentaj^e 
will  ])econie  lOO. 

liecause  of  this  rehition  of  water  va])or  to  temperature  its 
volume  pereentai^e  decreases  from  the  ecjuator  towards  the  poles, 
w  hile  that  of  each  of  the  other  constituents  of  the  atmos])luTe  cor- 
respondingly increases.  The  annual  averaj^e  values,  aj;ain  (pioting 
from  1  lann,^"  are: 

Carbon 
NitroRcn  OxvRen  Ar^on        Water  vapor       dioxide 

Equator    ....   75.99  20.44  0.92  2.63  0.02 

50°  N 773>^  20.80  0.94  0.92  0.02 

70°  N 77-^7  -0.94  0.94  0.22  0.03 

Except  for  the  change  in  the  amount  of  water  vapor,  the  com- 
position of  the  surface  atmosphere  is  substantially  the  same  at 
all  parts  of  the  earth.  Its  composition  at  different  elevations, 
however,  probably  differs  greatly,  as  considerations  presently  to 
follow  will  indicate. 

But  this  discussion  recjuires  the  use  of  barometric  hypsometry. 
Therefore  an  equation  must  be  developed  for  this  purpose. 

BAROMETRIC   HYPSOMETRY. 

Let  p  be  the  density  of  the  atmosphere  at  the  height  h,  and  p 
its  pressure  in  dynes  per  square  centimetre.  Then  at  the  level  h 
the  decrease  in  pressure,  -dp,  due  to  the  increase  in  height,  dJi, 
is  given  by  the  equation, 

-dp=pgdh (i) 

in  which  g  is  the  acceleration  of  gravity  at  the  point  in  question. 

To  within  limits  practically  negligible  the  density  of  the  at- 
mosphere is  directly  proportional  to  the  pressure — Boyle's  law; 
inversely  proportional  to  the  absolute  temperature — Charles's 
law;  and  directly  proportional  to  the  sum  obtained  by  adding 
together  the  molecular  weights  of  the  several  gases  present,  each 
multiplied  by  the  ratio  of  its  partial  pressure  (the  pressure  which 
it  alone  produces)  to  the  total  pressure — Avogadro's  law. 

If,  now,  Po  is  the  density  of  dry  air  at  the  temperature  0°  C, 
and  under  the  pressure  p,  then 

"/&tc/.,  p.  5. 
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P=Po 


I  +a/ 

ill  which  ic  is  llic  partial  pressure  of  the  water  xapor  present,  t 
the  existing;"  temperature  in  decrees  Centigrade,  and  a  the  co- 
efficienl  of  i^as  expansion,  or.^i.^,  at  o''  C. 

Substituting  the  vakie  of  ij,  as  given   by  ecjuation    (2),   in 
equation  (  i  ),  we  liave 


I 


(i-<>-37«  /,) 

•     -dp = Peg  y  (ijj (3) 

I  +  at 

Further,  let  //  be  the  height  uf  the  "  homogeneous  "  atmos- 
phere, or  height  it  would  have  if  everywhere  at  the  same  tem- 
perature and  pressure,  and  therefore  of  constant  density.  Obvi- 
ously, according  to  Boyle's  law,  the  value  of  H  is  independent 
of  the  actual  value  of  the  pressure.  If,  for  instance,  the  amount 
of  gas  is  doubled,  p  becomes  doubled  and  the  density  doubled, 
and  consequently  H  remains  unchanged.  Similarly  for  any  other 
multiple  or  submultiple  of  the  pressure. 

At  any  given  place  the  pressure,  p,  clearly  is  equal  to  the  con- 
tinuous product  of  the  gas  density,  local  acceleration  of  gravity, 
and  homogeneous  height ;  that  is, 

P=pogH (4) 

Hence,  substituting  in  (3) 

.  ( I  —0.378—  ) 

-dp=±^  P'i^^ (5) 

H         i+at 

But,  as  is  seen  from  equation  (4),  H  is  inversely  proportional 
to  g.  Hence  before  we  can  assign  a  numerical  value  to  H  it  is 
necessary  to  specify  the  value  of  r/  to  which  it  applies.  Now  the 
height  of  the  "  homogeneous  "  atmosphere  corresponding  to  tem- 
perature t  and  gravity  g  is  found  by  multiplying  any  barometric 
height  h,  representing,  under  gravity  g,  a  pressure  p,  by  the  ratio 
of  the  density  of  mercury  at  the  temperature  for  which  h  was  de- 
termined to  the  density  of  dry  air  at  the  given  temperature  t, 
and  assumed  pressure  p.  For  0°  C.  and  normal  gravity  G  (that 
is,  the  value  of  gravity  acceleration  at  sea  level  at  latitude  45°  N.), 

Ih;  =  7991  metres. 
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Therefore  //.  or.  specifically, 

";•  =  799  J   -  mot  res. 
A' 

Jlence.  substituting  in  (5),  and  measuring  in  metres, 
( I -0.378  "^j 

-7991  £= fr<ih.  (6) 

Integrating  this  from  /?„.  />,,  tn  //.  />,  we  have 


Po. 


/;  =  o 

However,  the  integration  is  not  rigi(ll\-  possible,  since  /  and 

the  ratio      --    both  are  more  or  less  irreijular  and  variable  func- 

P^  .      .  .      '   . 

tions  of  //.     The  value  of  g  is  also  a  function,  but,  for  anv  given 

place,  a  fixed  one,  of  //.  Nevertheless,  when  the  coincident  values 
of  p,  t,  and  zv  are  closely  known,  as  they  may  l>e,  it  is  quite  possi- 
ble closely  to  determine  the  corresponding  values  of  h ;  that  is,  to 
obtain  an  approximate  solution  of  the  above  nonintegrable  equa- 
tion.  This,  of  course,  is  most  accurately  done  by  dividing  the  total 


w 


heio^ht  into  intervals  over  each  of  which  t  and  the  ratio     -^     both 

p 

change  very  nearly  uniformly. 


Wo 


If  at  the  elevation  /?,,  we  have  the  ratio    -—   and  at  Ji  the 

ratio  — ,  then,  when  //  -  7/,^  is  not  too  great,  we  may,  with  but 
little  error,  assume  the  ratio  constant  and  its  value  for  the  interval 
in  question  to  be 

(^+^y2  =  Tr (8) 

\po        P  J 

Also,  if  the  temperature  varies  approximately  uniformly  be- 
tween the  given  levels,  we  can  assume,  again  with  but  little  error, 
the  mean,  tm,  of  the  two  limiting  temperatures  to  be  that  of  the 
whole  layer  between  h  and  ho-  Finally,  as  the  value  of  ^  changes 
but  little  through  all  attainable  levels  in  the  atmosphere,  its  mean 
value,  gm,  between  the  two  levels,  may  be  used  as  a  very  close 
approximation. 

Hence,  with  all  these  approximations, 

VP/  I -0.378  II    gm 
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Tf,  instead  of  natural  log-arithnis  with  base  c,  ordinary  lo[!^a- 
rithnis  with  base   lo  arc  used,  the  e(|uali()U  becomes 

y/  =  i84oolog.o(M      '  +"'"'       ^'  (lo) 

Now  ijm  differs  in  general  from  (i  both  l)ccause  of  difference 
in  latitude  and  because  of  difference  in  elevation.  Thus  the  shape 
of  the  earth  causes  the  value  of  gravity  so  to  vary  at  sea  level 
that  at  latitude  / 

g/  =  G{\  —0.0026  cos  2/); 
while  with  elevation  it  varies  inversely  as  the  scjuare  of  the  dis- 
tance from  the  centre  of  the  earth. 

Let  R  be  the  radius  of  the  earth  at  the  place  of  observation, 
and  d  the  elevation  at  which  the  value  of  g  is  desired.     Then 

go__{R±d)^ 
gh~     R' 
and 

-K'-4  +  3(0-4(l)V...)  .(n) 

But  even  if  d  is  as  great  as  10  kilometres,  the  fraction   -^  is 

still  so  small,  roughly -giy,  that  an  error  of  less  than  i  in  400,000 
will  be  made  by  writing 

Hence,  finally, 

g/,'^  =  G  (i  —0.0026  cos  2I)  I  I  —2 — j 
and 

-\-atvi 

.378^^(1-0.0026  cos  2/)    I    _    d\ 

But  as  the  amount  of  water  vapor  in  the  atmosphere  seldom 
amounts  to  more  than  2.5  per  cent,  of  the  total  gases  present,  it 
follows  that 

i-o\i^W      ~  ^  "^  ^-37^   ^^^'  ^°   within  i  part  in  10,000.     Simi- 
larly, 

I  -  0.0026  cos  2I  ~  ^  +  0.0026  cos  2/,  usually  to  within   i  part  in 
1,000,000,  and 

j_^_^  )  =  i+2-^,  when  f/ =  10   kilometres,   to   within   i   part  in 
100,000. 


/.  =  18400  logio  f^^    -i+^^^,; ^ ^      /^^X      •••(12) 


Sept..  iiji;.]  Physics  of  tiik  Air.  3S5 

* 

Hence,  for  convenience,  if  (/ =  °^  .  we  may  write  as  a  close 
approximation, 

/;  =  1^400  li)g,o  (—'-)  (!+(//«,)  (1+0. 37^'')  (1 +().o()j()  los  2/j  (  '  +   ' /^      )  •■    (13) 

Since  the  two  pressures,  />„  and  />,  occur  in  this  ecpiation  as  a 
ratio,  it  is  correct  and  customary  to  sul)stitute  for  them  the  corre- 
spondin*^-  l)arometric  rea(hngs — properly  corrected,  of  course — ■ 
for  /  and  (/.  lUit  as  the  value  of  //,  in  turn,  depends  upon  Ji,  the 
evaluation  of  the  latter  would  appear  to  re(|uirc  a  series  (jf  ap- 
proximations. Rij^idly  this  is  true,  but.  as  the  value  of  g  varies 
so  little  through  attainable  altitudes,  a  very  rough  approximation 
to  the  value  of  //  is  sufficient  for  the  altitude  correction  of  ^. 

Obviously,  in  general,  the  recorded  values  of  t,  ]V\  and  the 
barometric  reading  b  are  all  in  error,  and  therefore  it  will  be  well 
to  see  what  effects  such  errors  wnll  have  on  the  computed  value 
of/?. 

Assuming  an  error  to  be  made  in  h  only,  amounting  to  dh, 

we  have  from  (13),  substituting  ^  for  r  and  using  natural 
logarithms,  dh  -  -  7991  -y  (i  +  atm)  (i  +  0.378  W)  (i  + 
0.0026  cos    2I)  (i  +'^'^~)  o^'  ^'^O'  approximately, 

dh=  —7991  -r  (i+a/m) 

Hence  the  greater  the  altitude,  or  the  smaller  the  value  oi  h, 
the  more  important  become  the  errors  in  pressure.  Under  the 
reasonable  conditions  that  tm  =  0°  C,  dh  =  i  mm.,  and  h  -  500 
mm.,  corresponding  to  an  altitude  of,  roughly,  3350  metres,  the 
error  dh  -  32  metres,  nearly.  Hence,  to  avoid  serious  errors  in 
barometrically  ascertained  altitudes,  the  value  of  h  must  be  deter- 
mined with  great  care. 

Assmne,  now^  an  error  in  the  temperature  amounting  to  dt, 

then  dh  -  18400  logio(r^)^  dt,  approximately. 
Hence 

dh  _     adt      _       dt        _  dt 

h  \-\-atm         tm-\-2'JT,         T 

in  which  T  is  the  absolute  temperature. 

Again,  let  b  -  500  mm.,  tm  -  0°  C,  and  dt  -  \°  C    Then 

dh  =  i2.2$  metres,  approximately. 
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Clearly,  (hen,  to  asoid  con.siderahlc  errors  in  hypsometric  alti- 
tude detcrniinations  the  temperature  nuist  also  he  known  with 
considerahle  accuracy. 

JMually,  assume  an  error  in   the  \alue  ot*   //',   that  is  to  say, 

in     /'''"_|_^^'\    2     As  there  should  l)e  no  error  of  consequence  in 

7r,,,  assuming  it  to  he  the  vapor  tension  at  the  surface  of  the 
earth,  it  follows  that  the  chief  error  is  likely  to  be  in  w,  the  vapor 
tension  at  the  elevation  where  the  total  pressure  is  p. 

Let  w  and  p  both  be  expressed  in  terms  of  barometric  height, 
then 

dh  =  18400  logio  f  ^y  ]  (i  +a/m)  0.378  ~ 

If,  as  above,  v^e  let  h  -  500  mm.,  then  ^e'  can  scarcely  be  more 
than  10  mm.  Hence,  assuming  &„  -  760  mm.,  tm  -  0°  C,  and  a 
10  per  cent,  or  i  mm.  error  in  w, 

dh  =  1.35  metres,  approximately. 

Hence  an  error  in  the  value  of  the  humidity  produces  only  a 
small  effect  on  the  altitude  determination  in  comparison  with  that 
due  to  an  error  of  the  same  order  in  either  the  temperature  or 
the  total  pressure. 

Errors  in  the  force  of  gravity,  whether  from  latitude  or  from 
elevation,  have  already  been  shown  to  be  very  small. 

For  all  ordinary  purposes,  therefore,  altitudes  in  metres  may 
be  determined  by  the  greatly  simplified  equation, 

;i  =  18400  logio  (yj  {i-\-atm) (14) 

Obviously  these  hypsometric  formulae  apply  only  to  so  much 
of  the  atmosphere  as  is  of  substantially  constant  composition, 
since  the  same  "  homogeneous"  altitude,  7991  metres,  is  assumed 
throughout.  Clearly,  too,  this  condition  of  constant  composition 
must  apply,  very  approximately,  up  to  the  greatest  altitude  to 
which  vigorous  vertical  convection  extends,  or  in  middle  latitudes, 
as  we  shall  see  later,  to  an  elevation  of  about  1 1  kilometres  above 
sea  level. 

Beyond  this  level,  up  at  least  to  the  greatest  altitude  yet 
reached  by  sounding  balloons  and  presumably  much  higher  still, 
the  temperature  changes  comparatively  little  with  change  of  eleva- 
tion. Hence  in  this  region  there  can  be  relatively  little  vertical 
movement  of  the  atmosphere,  and  therefore  a  chance,  presumably, 
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for  the  several  ^ases.  oxygen,  nilr()*;en,  and  otliers,  to  distribute 
themselves,  each  as  thou^di  it  alone  were  present. 

For  this  more  or  less  isothermal  rej^ion.  then,  it   is  sullicient 
for  most  pnr]")oses  to  use  the  sini])le  e(|nation. 
dh 


-dp  =  p 


H 


"5) 


ill  which  />  is  the  partial  pressure  of  the  gas  under  consideration 
at  the  place  in  question,  (//?  the  change  in  elevation,  and  H  the 
virtual  height  of  the  given  gas,  or  its  height,  assuming  its  density 
throughout  to  be  the  same  as  at  the  initial  level,  necessary  to  pro- 
duce the  pressure  p.  This  equation  neglects  any  changes  in  the 
force  of  gravity,  but,  as  already  explained,  such  changes  are  small, 
and  therefore  the  eq»uation  as  it  stands  gives  a  close  first  approxi- 
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inalion.     It  is  not  convenient,  however,  for  numerical  calculations, 
hut  for  this  ])urpose  can  be  put  into  the  following-  form: 

Equation  (14)  is  applicable  as  far  up  as  the  composition  of 
the  atmosphere  is  essentially  constant,  or  to  an  elevation  of  about 
1 1  kilometres,  while  above  that  level,  where,  owing  to  the  practi- 
cal absence  of  vertical  convections,  each  gas  presumably  is  dis- 
tributed substantially  as  though  it  alone  were  present,  equation 
(16)  may  be  used,  with,  of  course,  the  proper  value  of  H  for 
each  gas  considered. 

This  value  is  given  by  the  following  equation : 

Da    T 


^  =  7991 


D  273 


in  which  T  is  the  absolute  temperature,  Da  the  density  of  dry  air, 
and  D  that  of  the  gas  in  question,  both  at  the  same  pressure  (no 
matter  what)  and  at  0°  C. 

Table  I,  computed  by  the  aid  of  equations  (14)  and  (16), 
and  Fig.  18,  drawn  in  accordance  with  this  table,  give  the  approxi- 
mate composition  and  barometric  pressure  of  the  atmosphere  at 
various  levels.  The  assumptions  upon  which  they  are  based  are 
in  close  agreement  with  the  average  conditions  of  middle  latitudes, 

and  are  as  follows : 

Table  I. 

Percentage  Distribution  of  Gases  in  the  Atmosphere. 


Gases 

Height 

* 

in  kilo- 
metres 

Argon 

Nitrogen 

Water 
vapor 

Oxygen 

C  arbon 
dioxide 

Hydro- 
gen 

Helium 

Total  pres- 
sure in  milli- 
metres 

140 

O.OI 

9915 

0.84 

0.0040 

130 

0.04 

.... 

99.00 

0.96 

0.0046 

120 

0.19 

98.74 

1.07 

0.0052 

IIO 

0.67 

0.02 

0.02 

98.10 

1. 19 

0.0059 

100 

2.95 

0.05 

O.II 

95.58 

I -31 

0.0067 

90 

9.78 

O.IO 

0.49 

88.28 

1-35 

0.0081 

80 

32.18 

0.17 

1.85 

64.70 

1. 10 

0.0123 

70 

0.03 

61.83 

0.20 

4.72 

32.61 

0.61 

0.0274 

60 

0.03 

81.22 

0.15 

7.69 

.... 

10.68 

0.23 

0.0935 

50 

0.12 

86.78 

O.IO 

10.17 

2.76 

0.07 

0.403 

40 

0.22 

86.42 

0.06 

12.61 

.... 

0.67 

0.02 

1.84 

30 

0.35 

84.26 

0.03 

15-18 

O.OI 

0.16 

O.OI 

8.63 

20 

0.59 

81.24 

0.02 

18.10 

O.OI 

0.04 

40.99 

15 

0.77 

7952 

O.OI 

19.66 

0.02 

0.02 

89.66 

II 

0.94 

78.02 

O.OI 

20.99 

0.03 

O.OI 

168.00 

5 

0.94 

77.89 

0.18 

20.95 

0.03 

O.OI 

405- 

0 

0.93 

77.08 

1.20 

20.75 

0.03 

O.OI 

760. 
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I.  Tlial  al  the  surface  of  the  eartli  the  i)rincipal  gases  of  the 
atmosphere  and  their  respective  volume  perceutages  in  drv  air 
are : 

Xitrogcii    7^.o^  Xcon    0.001 2 

Oxygen JOAji)  1 1  cliuni   0.0004 

Argon   0.94  Carbon  dioxide   0.03 

]  lydrogcn o.oi 

J.  That  at  the  surface  of  the  earth  water  vapor  suppHes  1.2 
per  cent,  of  the  total  number  of  gas  mokxules  i)resent. 

3.  That  the  absolute  humidity  rapidly  decreases,  under  the 
influence  of  lower  temperatures,  with  increase  of  elevation,  to  a 
negligible  amount  at  or  below  the  level  of  10  kilometres. 

4.  That  the  temperature  decreases  uniformly  at  the  rate  of 
6°  C.  per  kilometre  from  11  C.  at  sea  level  to  -55^  C.  at  an 
ele\'ation  of  1 1  kilometres. 

5.  That  beyond  1 1  kilometres  above  sea  level  the  temperature 
remains  constant  at    55°  C. 

6.  That  up  to  the  level  of  1  1  kilometres  the  relative  percent- 
ages of  the  several  gases,  excepting  water  vapor,  remain  con- 
stant— a  result,  of  course,  of  vertical  convection. 

7.  That  above  i  i  kilometres,  where  the  temperature  changes 
but  little  with  elevation,  and  where  vertical  convection,  therefore, 
is  practically  absent,  the  several  gases  are  distributed  according 
to  their  respective  molecular  weights. 

A  number  of  atmospheric  gases — neon,  krypton,  xenon,  ozone, 
etc. — are  omitted  both  from  Table  I  and  from  its  accompanying 
figure.  This  is  because  all  these  occur — in  the  lower  atmosphere, 
at  any  rate — in  quantities  too  small  for  graphical  illustration  in 
the  same  diagram  and  to  the  same  scale  as  are  the  principal  gases. 

In  using  this  diagram  it  should  be  distinctly  remembered  that  it 
is  supported  by  direct  experimental  observations  only  from  the 
surface  of  the  earth  up  to  a  level  of  about  30  kilometres,  and 
that,  while  the  extrapolated  values  are  based  upon  apparently 
sound  logic  and  not  mere  surmises,  they  necessarily  become  less 
and  less  certain  with  increase  of  elevation. 

The  table  and  the  figure  bring  out  a  few  points  not  generally 
realized.  One  of  these  is  the  fact  that  the  total  amount  of  argon 
in  the  atmosphere  is  much  greater  than  the  average  total  amount 
of  water  vapor.  Another  is  the  surprisingly  small  amount  of 
water  vapor,  especially  in  view  of  the  wonderful  things  it  does. 
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and  of  its  vital  importance  to  life  of  every  kind.  There  may  also 
be  a  little  surprise  that,  according'-  to  calculation,  the  percentage  of 
water  vapor  reaches  a  certain  maximum  at  an  elevaticjn  oi  70  to 
80  kilometres,  where  it  is,  roughly,  twenty-fold  what  it  is  at,  say, 
1 1  kilometres.  This,  however,  does  not  mean  that  the  total 
amount  of  water  vapor  increases  with  elevation,  hut  that  it  de- 
creases less  rapidly  than  do  the  heavier  constituents,  and  more 
rapidly  than  the  two  lighter  ones,  hydrogen  and  helium. 

DENSITY  OF  THE  ATMOSPHERE. 

Fig.  18,  though  serving  the  useful  purpose  of  graphically  rep- 
resenting the  percentage  distribution  of  the  several  gases  of  the 
atmosphere,  nevertheless,  is  likely  to  be  misleading  in  respect  to 

Fig.  19. 


Density  of  the  atmosphere  at  different  levels. 

their  combined  density,  especially  at  great  elevations.  This  latter 
information  is  show^n  by  Fig.  19,  in  which  the  width  at  every  alti- 
tude is  proportional,  approximately,  to  the  corresponding  atmos- 
pheric density,  or  at  least  to  as  great  an  elevation,  about  40  kilo- 
metres, as  the  size  of  the  figure  will  permit.  Indeed,  the  density 
decreases  so  rapidly  with  increase  of  elevation  that  if  at  the  level 
of  140  kilometres  it  is  represented  by  a  line  only  one-fourth  of 
a  millimetre  long,  then  at  sea  level,  taking  into  account  difference 
in  temperature  and  in  composition,  it  would  require  for  its  full 
representation  to  the  same  scale  a  line  whose  length  is,  roughly, 
600  metres.  Obviously,  therefore,  the  density  of  the  atmosphere 
throughout  its  known  range  of,  say,  250  kilometres  cannot  be 
graphically  represented  on  any  convenient  scale. 
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Till-:  tciiipL'raiiirc  \ariali(»iis  ol'  ihe  alni<)>plicrc.  both  as  to 
lime  and  to  place,  and  also  the  actual  a\erage  temperature  for 
an\-  given  locality,  all  ob\i()Usly  are  of  the  utmost  importance 
within  themselves,  and  of  ecpial  impcjrtance  indirectly  through 
such  meteorological  elements  as  humidity,  precipitation,  wind  di- 
rection, wind  velocity,  and  nearly  everything  else  that  contributes 
to  the  sum-total  of  both  weather  and  climate.  Hence  it  is  im- 
perative that  in  any  general  discussion  of  meteorology  some  con- 
sideration l)e  given  to  the  (juestion  of  the  source,  or  sources,  of 
the  heat  energy  necessary  to  these  conditions,  where  it  is  de- 
livered, and  how  distributed. 

A  little  heat  is  given  to  the  surface  of  the  earth  and  the  atmos- 
phere surrounding  it  by  conduction  from  the  heated  interior,  a 
little  as  a  result  of  certain  chemical  changes,  some  from  tidal 
action,  and  another  small  amount  by  the  absorption  of  stellar  and 
lunar  radiation.  But  the  sum-total  of  all  these  several  amounts 
is  so  small  in  comparison  to  that  which  results  from  the  absorp- 
tion of  solar  radiation  that  for  even  a  close  approximation  to 
the  total  amount  of  thermal  energ}-  given  to  the  atmosphere  it 
is  sufficient  to  consider  the  sun  as  its  only  source. 

The  rate  at  which  heat  is  delivered  to  the  earth  from  the  sun 
depends  upon : 

a.  The  solar  output  of  radiation. 

b.  Distance  from  the  sun. 

c.  Inclination  of  the  rays  to  the  plane  of  the  horizon,  or  solar 

elevation. 

d.  Transmission  and  absorption. 

These  factors,  then,  determine  the  earth's  heat  income,  and 
will  be  considered  seriatim.  How  this  heat  is  conserved,  dis- 
tributed, and  expended  also  are  important  problems,  which  will 
be  taken  up  later. 

SOLAR  OUTPUT   OF  RADIATION. 

There  is  no  a  priori  reason  for  assuming  that  the  total  out- 
put of  radiation  from  the  sun  must  remain  strictly  constant  from 
age  to  age,  from  year  to  year,  or  even  day  to  day.     Neither  is 
there  any  known  a  priori  reason  for  supposing  the  solar  radiation 
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imi>l  i^rcally  vary,  either  periodically  or  irregularis  Hence  it 
is  distinctly  a  subject  for  continuous  and  careful  observation,  and 
this  sort  of  observation  is  already  well  begun.  Beginning  with 
the  sununer  of  1905,  Messrs.  Abbot  and  Fowle,  of  the  Astro- 
physical  Observatory  of  the  Smithsonian  institution,  and  others 
working  with  them,  have  made  numerous  determinations  of  the 
solar  constant,  or  intensity  of  the  solar  radiation  as  received  at 
the  outer  surface  of  the  atmosphere.  ]\lany  of  these  observations 
were  made  on  consecutive  days,  especially  those  obtained  on 
Mount  Wilson,  California,  and  show  irregular  changes  both  as 
to  time  and  quantity,  changes  often  amounting  to  several  per 
cent,  in  from  five  to  ten  days.  In  general,  the  observed  values 
of  the  solar  constant  varied  from  one  extreme  to  the  other  grad- 
ually and  not  by  jumps.  Besides,  observations  taken  simultane- 
ously, or  at  least  on  the  same  day,  at  stations  so  widely  separated 
as  Mount  Wilson,  California,  and  Bassour,  Algeria,  gave  values 
that  varied  substantially  together.  "  Hence,"  they  say,  ''  the 
most  probable  conclusion  is  that  the  sun  actually  varies  from 
day  to  day  in  its  output  of  radiation  within  limits  of  from  five 
to  ten  per  cent,  in  quantity  and  in  irregular  periods  of  from 
five  to  ten  days." 

The  solar  variations  of  even  these  short  periods  seem  to  pro- 
duce noticeable  weather  effects, ^^  while  a  change  of,  say,  five  per 
cent,  in  the  solar  constant,  if  long  continued,  obviously  would 
be  a  matter  of  very  great  climatic  importance.  A  five  per  cent, 
increase  in  the  amount  of  radiation  received  means,  of  course,  a 
correspondingly  higher  temperature  equilibrium  and,  when  that 
is  established,  a  like  increase  in  the  amount  of  radiation  that 
must  somehow  be  sent  out  to  space.  An  increase  in  temperature 
would,  among  other  things,  increase  the  cloudiness  to  some  extent 
and  therefore  the  amount  of  solar  radiation  directly  reflected, 
but  probably  the  chief  increase  of  the  outgoing  radiation  would 
be  due  to  the  greater  temperature  of  the  earth  and  the  atmosphere. 
Suppose  the  terrestrial  radiation  to  be  increased  by  four  per  cent., 
roughly  the  amount  that  might  be  expected  from  a  long-continued 
five  per  cent,  increase  of  solar  radiation.  Then,  since  the  effective 
absolute  temperature  of  the  earth  as  a  full  radiator  is  approxi- 
mately 260°  C.,^^   it  follows,  from  the  fourth  power  law,  that 

'^Clayton,   Smithsonian  Miscellaneous   Collections,  68,  No.   3,    1917. 
'®  Abbot  and  Fowle,  Annals  Asfrophys.  Ohs.  Smithsonian  Institution,  1, 
p.    175    (1908). 
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the  effective  teni[K*rature  increase,  esseiuial  to  this  four  per  cent, 
greater  terrestrial  output  of  radiation,  would  Ix;  2.O  C,  an 
amount  that,  if  continued  for  a  number  of  years,  would  Ixi  very 
important.  But,  as  already  stated,  the  observed  periods  of  solar 
variations,  while  irregular,  appear  always  to  be  short,  in  fact  so 
short  as  to  produce  only  much  smaller  variations  from  the  average 
temperature. 

There  is,  however,  some  evidence  that  in  addition  to  these 
short  period  changes  there  are  also  other  changes  of  the  solar 
constant  coincident  in  period  and  time  with  the  sunspot  variation, 
and  which  therefore  go  through  a  complete  cycle  in  about  1 1 
years.  The  evidence  in  favor  of  this  ii-year  cyclic  change  is 
not  conclusive,  but  it  is  found  both  in  the  relative  pyrheliometric 
values  and  in  the  absolute  determinations  of  the  solar  constant. 
Both  indicate  that  the  solar  constant  may  be,  roughly,  two  per 
cent,  greater  at  the  times  of  sunspot  maxima  than  at  the  times 
of  sunspot  minima.  This  indicated  change  probably  is  in  the 
same  sense  that  most  persons  would  anticipate  from  the  fact  that 
the  solar  surface  is  most  agitated  at  the  times  of  spot  maxima. 
Nevertheless,  it  apparently  is  in  direct  conflict  with  the  conclu- 
sion, supported  by  much  statistical  evidence,  that  the  atmosphere 
as  a  whole  is  slightly  warmer  at  the  times  of  spot  minima  than 
at  spot  maxima.  There  is,  however,  a  logical  way  out  of  the 
paradox  which  will  be  given  later. 

DISTANCE    FROM    THE   SUN. 

If  the  apparent  disk  of  the  sun  radiated  equally  all  over,  it 
would  be  strictly  accurate  to  say  that  the  intensity  of  its  energy 
received  at  any  particular  point  is  directly  proportional  to  the 
solid  angle  subtended  by  it  at  that  point.  But  it  does  not  radiate 
equally  from  all  parts,  either  in  amount  or  kind.  The  quantity  of 
radiation  per  unit  area  of  the  apparent  solar  disk  decreases  from 
centre  to  circumference,  while  at  the  same  time  the  spectral 
region  of  maximum  intensity  gradually  shifts  to  longer  and 
longer  wave-lengths.  Hence  the  total  insolation  at  a  given  point 
cannot  be  rigidly  proportional  to  the  solid  angle  subtended.  How- 
ever, this  departure  from  exact  proportionality  must  in  most  cases 
be  wholly  negligible.  Besides,  the  size  of  the  solid  angle  sub- 
tended by  the  sun  at  the  surface  of  the  earth  is  so  small  that  but 
little  error  would  be  made  in  problems  of  total  radiation  by  re- 
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garding  this  angle  as  strictly  zero  and  therefore  applying  without 
correction  the  law  of  inverse  squares. 

At  aphelion  the  distance  of  the  earth  from  the  sun  is,  roughly, 
^.1,  per  cent,  greater  than  at  perihelion.  Hence  the  solar  con- 
stant at  ])erihelion,  other  things  being  e(|ual,  must  be  approxi- 
mately ().()  per  cent,  greater  than  at  aphelion.  And,  since  the  earth 
may  be  regarded  as  a  full  radiator  at  about  260'^  C.  absolute,  it 
follows  that  its  effective  temperature  nuist  be  greater  when  a 
maximum  than  when  a  mininuim  by  about  r.6  per  cent,  of  the 
average  value,  or,  roughly,  by  4    C. 

All  these  calculations  assume  complete  equilibrium  between 
radiation  and  absorption,  and,  while  there  necessarily  is  some 
lag,  an  approach  to  equilibrium,  as  a  little  calculation  will  show, 
probably  comes  much  sooner  than  one  might  suppose  to  be  the 
case.  Hence  northern  winters  are  not  only  shorter  but  also 
warmer  than  they  would  be  if  they  occurred  at  times  of  aphelion 
instead  of,  as  they  do,  at  times  of  perihelion ;  while  the  winters 
of  the  southern  hemisphere,  during  which  the  earth  is  farthest 
removed  from  the  sun,  have  now  a  maximum  both  of  duration 
and  severity. 

Notwithstanding — really,  because  of — the  marked  difference 
between  the  perihelion  and  aphelion  intensities  of  the  solar  radia- 
tion at  the  limit  of  the  atmosphere,  it  is  easy  to  show  that  the  total 
amount  of  insolation  on  the  earth  as  a  whole  is  constant  per  con- 
stant angular  distance  along  its  orbit ;  and  that  each  hemisphere, 
regardless  of  the  perihelion  phase,  or  exact  date  on  which  peri- 
helion occurs,  receives  during  the  course  of  a  whole  year  exactly 
the  same  amount  of  solar  radiation  as  does  the  other.  This  is 
shown  as  follows : 

Let  R  be  the  solar  distance,  dO  the  angle  at  the  sun  swept  over 
by  the  earth  in  the  time  dt.    Then,  from  the  law  of  equal  areas, 

R^de  =  Cdt, 
in  which  C  is  a  constant. 

Also,  if  dO  is  the  amount  of  solar  energy  incident  upon  the 
earth  in  the  time  dt, 

dQ  =  ~dt 
in  which  /  is  the  solar  constant  at  unit  solar  distance.     Hence 

dQ=^dd, 

or  the  energy  received  by  the  earth  from  the  sun,  assuming  the 
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solar  output  to  1k'  coustaut,  is  directly  proixtrtional  to  tlu*  auj^ular 
distance  between  the  initial  and  final  radii  vectores.  Since  the 
direction  of  the  earth's  axis  is  practiadly  fixed  in  space,  it  follows 
that,  to  the  same  dej^ree  of  approximation,  each  hemisphere  must 
be  inclined  toward  or  from  the  sun  o\er  exactly  (Mie-half  the 
angular  orbit,  and  hence  that  the  total  yearly  amount  of  heat 
received  by  one  hemisphere  is  the  same  as  that  received  by  the 
other,  and  also  that  the  earth  as  a  whole  gets  precisely  the  same 
amount  oi  radiant  energy  during  the  aphelion  half  of  its  orbit  that 
it  does  during  the  perihelion  half — what  it  loses  in  distance  it 
exactly  makes  up  in  time. 

It  must  not  be  sup|)osed  that  this  equality  of  heat  supplv  means 
eqtiality  of  world  temperatures.  Indeed,  it  means  quite  the  re- 
verse, for  the  equal  quantities  are  delivered  in  unecpial  times; 
the  time  being  longest  and  therefore  the  world  temperature  the 
lowest,  except  in  so  far  as  there  may  1)e  a  lag,  during  aphelion, 
and  shortest  with  highest  temperature,  as  previously  explained, 
during  perihelion. 

SOLAR    ALTITUDE. 

Leaving  out,  for  the  present,  all  questions  of  atmospheric 
absorption,  it  is  obvious  that  the  intensity  of  insolation  is  directly 
proportional  to  the  sine  of  the  angle  of  solar  altitude,  or  to  the 

Fig.  20. 


Relation  of  insolation  to  latitude,  declination,  and  hour  angle. 
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cosine  of  the  sun's  zenith  chstance.  lUu  neither  of  these  angles 
is  directly  known,  and  therefore  can  be  expressed  only  in  terms 
of  those  that  are  known.  Juicli,  liowever,  is  a  function  of  latitude, 
of  the  time  of  day,  exj)ressible  as  an  hour  angle,  and  solar  declina- 
tion, as  will  be  explained  by  the  aid  of  Fig.  20. 

Let  P  be  the  point  of  observation,  with  its  zenith  at  Z,  and 
let  the  sun  be  ofT  in  the  direction  OS  or  PS.  Clearly,  then,  the 
plane  of  OZ  and  OS  intersects  the  surface  of  the  earth  in  a  great 
circle,  and  the  angle  ZOS,  measured  by  the  arc  PV  of  this  circle, 
is  equal  to  the  sun's  zenith  distance.  But  in  the  spherical  tri- 
angle NPV  it  is  obvious  that  the  arc  XV ,  V  being  directly  under 

Fig.  21. 


SOL. 


LATITUDE 

Relation'of  insolation  to  season  and  latitude. 

the  sun,  is  the  codeclination,  NP  the  colatitude,  and  the  angle  h 
at  A'',  measured  by  the  arc  CD  on  the  eqliator,  the  hour  angle,  or 
angle  through  which  the  earth  must  turn  to  bring  the  meridian  of 
P  directly  under  the  sun.    Hence 

/„  =  I  cos  a  =  I  (sin  4)  sin  3  +  cos  4)  cos  8  cos  h), 

in  which  In  is  the  normal  component  of  the  full  solar  intensity  I, 
(p  the  latitude  of  the  point  P,  8  the  solar  declination,  and  h  the  hour 
angle,  as  explained. 

To  find  the  amount  of  solar  energy  delivered  at  a  given  point 
we  have  the  equation, 

dQ  =  I^dt  =  I  (sin  ^  sin  5  +  cos  <p  cos  6  cos  h)  dh 
in  which  dh  is  the  change  in  the  angle  h  in  the  time  dt.    To  ob- 
tain the  total  energy  delivered  per  unit  area  in  the  course  of  a 
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day  wo  may  consider  /  and  S  constant  for  that  time,  and  therefore 
write, 

Q  =z  2I  (sin  >p  sin  5  //  +  cos  <p  cos  5  sin  // j 

in  which  //  is  the  hour  angle  between  noon  and  sunri.se  or  sunset. 
H  obviously  is  a  function  of  c  and  8.     Thus  at  sunrise,  say, 

a  =  -.    Hence, 

TT 

cos  a  =  o  =  sin  <p  sin  5  +  cos  tp  cos  S  cos  // 

and 

cos  H  =  —  tan  <p  tan  5. 

Now  c,  the  latitude  of  the  place  in  question,  is  known,  and 
8,  the  solar  declination  for  any  given  day,  is  obtainable  from  an 
ephemeris.  Hence,  assuming  a  constant  output  of  solar  energy 
and  allowing  for  variations  in  solar  distance,  the  relative  per  diem 
amounts  of  insolation  delivered  to  the  earth  (outer  atmosphere j 
at  different  latitudes  and  different  times  may  readily  be  computed. 
A  few  of  these  values,  in  temis  of  the  total  insolation  received 
at  the  equator  on  the  day  of  the  vernal  equinox,  are  given  in  the 
following  table,  and  the  complete  data  for  all  seasons  and  all 
latitudes  in  Fig.  21,  both  of  which  are  copied  from  Davis's 
''  Elementary  Aleteorology,"  Ginn  &  Co. : 


Latitude 

o« 

+  20" 

+  40- 

+  60" 

+  90*            -90" 

March  20 

June  21 

September  22 

December  21 

1 
1. 000          0.934 

0.881           1.040 

0.984          0.938 

0.942          0.679 

1 
0.763      '     0.499 
1. 103           1.090 
0.760          0.499 
0.352           0.000 

1 
0.000           0.000 

1.202              0.000 

0.000         0.000 

0.000             1.284 

Annual  total.  .  .  . 

347             329 

274     j         197 

143       1           143 

TRANSMISSION     AND     ABSORPTION. 


The  rate  of  solar  output  of  energy,  distance  from  the  sun, 
length  of  day,  and  solar  altitude  are  all,  as  above  explained,  of 
vital  importance  in  determining  the  amount  of  radiant  energy 
delivered  to  unit  horizontal  area  during  any  interval  of  time — 
any  consecutive  24  hours,  say.  But  they  give  only  the  quantity 
of  insolation  delivered,  and  not  the  amount  of  energy  actually 
absorbed  and  thereby  rendered  effective  in  maintaining  tempera- 
ture. This  smaller  quantity,  the  absorbed  energy,  depends  upon 
not  only  the  total  insolation  and  therefore  upon  each  of  the  above 
factors,  but  also  upon  at  least  two  others :  namely,  reflection  and 
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scattering.  Thus  it  is  obvious  that  all  that  solar  radiation  which 
is  reflected  hack  to  space,  whether  by  clouds  or  by  the  surface  of 
the  earth,  is  immediately  and  C()ni[)letel\-  lost,  so  far  as  heating 
the  atmosphere  is  concerned,  and  that  the  same  is  also  true  of 
that  smaller  portion  lost  through  the  process  of  scattering, 
whether  by  dust  particles  or  by  air  molecules. 

The  total  loss  of  insolation  by  these  two  processes,  retlection 
and  scattering,  amounts,  according  to  Abbot  and  Fowle,^*^  to 
about  37  per  cent,  for  the  whole  earth.  In  other  w^ords,  more 
than  one-third  of  all  the  energy  delivered  to  the  earth  is  unused — 
merely  scattered  to  space. 

When  solar  radiation  is  minutely  analyzed  spectrally  it  ex- 
hibits thousands  of  irregularities  in  the  wave-length  distribution 
of  energy  that  were  present  even  before  the  outer  atmosphere 
was  reached.  The  minima,  indicating  strong  absorption  in  the 
solar  atmosphere,  constitute  the  well-known  Fraunhofer  lines. 

In  addition  to  the  vast  number  of  intensity  deficiencies, 
absorption  or  Fraunhofer  lines,  as  they  are  called,  inherent  in 
solar  radiation,  there  are  also  many  similar  deficiencies  resulting 
from  its  passage  through  the  earth's  atmosphere.  These  are 
caused  by  oxygen,  carbon  dioxide,  water  vapor,  and  ozone,  and 
possibly  even  by  other  substances.  Three  of  t^ese,  carbon  dioxide, 
water  vapor,  and  ozone,  are  also  strongly  absorptive  of  the  long 
wave-length  earth  radiation.  Oxygen  and  water  vapor  have 
many  exceedingly  restricted  regions  of  absorption — so  restricted, 
indeed,  that  in  mere  appearance  they  are  indistinguishable  from 
the  narrow  FraunhoferTines.  But  in  addition  to  these  numerous 
narrow  lines  there  are  also  a  number  of  broad  absorption  bands, 
certainly  of  water  vapor,  ozone,  and  carbon  dioxide.  Oxygen, 
too,  seems  to  have  a  broad  absorption  band  in  the  region  of 
exceedingly  short  wave-lengths.  It  is  possible  that  many,  if  not 
all,  of  the  bands  are  simply  aggregates  of  large  numbers  of 
individual  lines,  but  this  is  not  known  to  be  true  of  any  of  them. 

Whatever  the  actual  process  of  absorption,  it  is  certain  that 
to  within  observational  errors  the  amount  of  energy  absorbed 
increases  arithmetically  with  the  intensity  of  the  incident  radiation 
and  geometrically  with  the  quantity  of  the  absorbing  material 
passed  through,  provided  it  is  all  under  the  same  physical  con- 
dition.    Thus  if  7o  is  the  initial  intensity  of  a  beam  of  parallel 

^Annals  Astrophys.  Obs.  Smithsonian  Institution,  2,  p.  163. 
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radiation,  ami  (//,,  its  iiilcnsiiy  after  passiiii;  iionnallv  ihrau^h 
a  hoinogeiieous  layer  of  absorbing  material  of  unit  ihickness,  then 
its  intensity  after  traversing  a  distance  of  /;/  units  in  the  same 
material  is  given  1)\-  the  e(ination, 

7,,  =  Iv(i"'. 

In  the  case,  also,  of  scattering  of  radiation  the  extinction 
progresses  according  to  the  same  laws  that  apply  to  absorption. 
'Jliat  is  to  say,  it  is  ahva\s  a  constant  fraction  of  the  remaining 
radiation  that  gets  throngdi  a  unit  (quantity  of  the  scattering 
material. 

The  coefficients  both  of  direct  absorption  and  of  extinction 
by  scattering  are  radically  different  for  radiations  of  different 
wave-lengths.  But  if  /,,  is  the  initial  intensity  of  the  radiation 
of  a  given  wave-length  and  al^  its  intensity  after  it  has  passed 
normally  through  a  layer  of  absorbing  material  of  unit  thickness, 
then  after  normal  transmission  through  layers  ;//  and  //  units  thick 
respectively, 

I„,=I,u"\  and  I„=h^a» 

Hence, 

I  m 
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Now,  in  the  case  of  the  atmosphere,  while  in  a  vertical  direc- 
tion there  is  neither  homogeneity  in  dust  content  nor  in  density, 
there  is  approximate  horizontal  homogeneity  in  respect  to  both 
conditions.  Hence  by  observing  the  sun  at  different  angles  of 
elevation  a  considerable  range  in  the  ratio  between  m  and  n  can 
be  obtained  for  the  atmosphere  as  a  w  hole. 

For  simplicity  it  is  desirable  to  take  n  -  2111,   from  which, 

/o=    ,"' (equation  of  Bouguer). 

■I  'm 

As  both  Im  and  L,  are  measurable,  anywhere  at  the  surface  of 
the  earth,  /q,  or  the  intensity  of  the  radiation  outside  the  atmos- 
phere, is  at  once  determined  to  approximately  the  same  degree  of 
accuracy.  The  equation,  however,  is  accurate  only  for  monochro- 
matic radiation.  If  applied  to  the  whole,  or  even  any  considerable 
part,  of  the  solar  radiation  as  a  unit  the  value  thus  obtained  for 
the  intensity  of  the  initial  radiation  will  be  too  small,  as  Langley 
showed  long  ago.     This  can  be  seen  as  follow^s : 
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Let  the  intensities  of  the  several  monochromatic  radiations 
be  .  /„.  J\>.  r„.  etc.,  and  their  respective  coeflicients  of  transmission 
a,  b,  c,  etc.  'J1ien  their  combined  resi(hial  intensities  after  passing 
through  the  thickness  ;;/  and  2m  of  the  absorbing  medium  will 
be,  respectively, 

yloa"»  +  /Jo6"'  +  Cot'"  +,  ClC.  =  Rrn 

and 

A  oa2"«  -f  5u6''"'  +  CV^'"  + ,  c Ic .  =  Rim 
Hence  the  initial  intensity,  as  computed  by  the  Bouguer  equa- 
tion, is 

l>ut  the  difference  between  the  actual  and  the  computed  initial 
intensity  is 

A^i-\-B^i-\-C^i-\-,  ctC— i?o  = 

J    .Rj_^:      f         (^pg'"  +W"'  +ac'»  +etc.)2 
^o+5o  +  Co+  etc.-  -^^^•.>,„+5^^..+  eV^„._^etc."  = 

AoBo{ar>'  -  6"*)2  +^oCo(a'»  -  c'»)'  + +  ^oCo(6^-C»02_{_etc. 

A  oa2'«  +5o62'"  -H  C'oc'-'"  +  etc. 

An  occasional  term  in  the  numerator  of  this  final  fraction  may 
reduce  to  zero,  since  possibly  a  -  k,  c  =  I,  etc.,  but  in  general  no 
two  of  the  coetiicients,  a,  h,  c,  etc.,  are  equal  to  each  other.  Hence 
every  term  in  the  numerator,  except  the  few  zerO'  ones,  if  such 
exist,  and  consequently  the  fraction  as  a  whole,  is  both  real  and 
positive.  The  Bouguer  eq'uation,  therefore,  when  applied  to 
complex  radiation,  always  gives  too  small  a  value  for  the  initial 
intensity. 

Clearly,  then,  to  determine  to  the  highest  degree  of  accuracy 
the  intensity  of  the  radiation  reaching  the  outer  atmosphere 
(that  is,  the  amount  per  unit  normal  surface  per  unit  time)  it  is 
necessary  first  to  analyze  it  into  its  spectroscopic  components  and 
then  either  to  determine  the  initial  intensity  of  each  or  else  to 
adopt  some  equivalent  process.  The  direct  method  of  measuring 
the  energy  in  each  small  spectral  range  would  be  very  tedious, 
and,  besides,  would  involve  a  difficult  instrumental  standardiza- 
tion, hence  the  following  method  has  been  found  more  convenient : 

I.  Analyze  the  insolation  and  obtain,  with  the  bolometer,  the 
relative  distribution  of  energy  through  the  spectrum  for  differ- 
ent solar  altitudes  but,  as  nearly  as  possible,  constant  sky  con- 
ditions. 


Sept.,  loi;.]  I'livsTcs   nv  Tin:     \ii<.  401 

In  each  case  the  vahie  of  ///,  the  air  mass  as  it  is  ealle<l,  is 
prc)ix)rlioiial  to  the  secant  of  tlie  solar  zenith  (hstanee.  Hence 
when  the  sohir  aUitudes  at  which  tlie  holo^^ranis  were  taken  are 
known,  the  ratios  of  the  corresp()n(hnj4  ///'s,  heing  the  ratio  of  the 
respective  zenith  distance  secants,  are  also  known. 

J.  Measnre  with  a  pyrhelionieter  the  rate  at  which  solar 
energy,  exclusive  of  sky  radiation,  is  delivered  per  unit  normal 
area  during  the  same  time  that  one  of  the  Ixjlograms  was  being 
obtained. 

3.  Extrapolate,  according  to  the  Bouguer  equation,  each  por- 
tion of  the  holograms  to  zero  atmosjihere  and  thus  obtain  the 
initial  hologram,  or  energA^  distrilmtion  through  the  solar  spec- 
trum outside  the  atmosphere. 

4.  ^Measure  the  areas  between  the  base  line,  corresponding  to 
zero  insolation,  and  the  two  holograms,  the  extrapolated  and  the 
one  corresponding  to  the  pyrheliometric  reading. 

5.  From  these  areas,  Af^  and  A,  respectively,  and  the  observed 
solar  intensity  I,  compute  Z^,  the  intensity  of  solar  radiation  out- 
side the  atmosphere,  by  the  equation, 

When  expressed  in  terms  of  gram-calories  per  square  centi- 
metre normal  surface  per  minute  the  average  value  of  /,„  known 
in  this  form  as  the  solar  constant,  is  about  1.93."^ 

As  stated  above,  careful  estimates  show  that  about  T^y  per 
cent,  of  this  radiant  energy  is  wholly  lost  to  the  earth,  leaving  only 
some  63  per  cent,  directly  absorbed  in  roughly  equal  amounts 
by  the  earth  and  the  atmosphere.  But  since  the  reflecting  power 
of  the  earth  is  small,  and  since  the  air  usually  is  nearly  opaque 
to  terrestrial  radiation,  it  follows  that  approximately  60  per  cent, 
of  the  incident  solar  energy  ultimately  heats  the  atmosphere. 

The  more  conspicuous  notches  in  the  bolometric  curve  coin- 
cide with  water  vajXDr  absorption  bands,  from  which  it  is  inferred 
that  most  of  the  direct  absorption  of  solar  energy  in  the  atmos- 
phere is  due  to  water  vapor.  All  these  bands,  however,  are  of 
longer  wave-length  than  the  region  of  maximum  intensity  in  the 
solar  spectrum,  as  are  also  the  absorption  bands  of  carbon  dioxide 
and  the  stronger  bands  of  ozone.     Nitrogen  and  argon  have  no 

"  Abbot  and  Fowle,  Annals  Astrophys.  Ohs.  Smithsonian  Institution,  3, 
p.  134  (1913). 
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know  11  ahsorption  bands,  wlnlc  o.w^^cn.  the  n\\\\  oIIkt  important 
constiliicnl  of  the  atmosphere,  lias  only  one,  and  that  in  the 
extreme  ultraviolet  or  Schumann  region.  h\irther,  the  j^eneral 
absorption  of  all  three  is  so  fee])le  that,  to  a  first  approximation, 
it  may  be  rej^ardcxl  as  wholly  ne^^li^ible.  Hence  atmospheric 
absorption  of  radiation,  whether  solar  or  terrestrial,  obviously 
is  due  almost  wholly  to  water  vapor,  carbon  dioxide,  and  ozone; 
and,  since  the  approximate  amount  of  carbon  dioxide  in  the  atmos- 
phere is  always  known  and  that  of  water  vapor  at  least  often 
determinable,  it  frecpiently  is  possible,  by  the  aid  of  laboratory 
data,  to  know  roughly  the  actual  absorption  in  any  portion  of  the 
spectrum  due  to  these  two  substances,  either  singly  or  jointly. 

The  magnitude  of  the  ozone  effect,  however,  is  always  un- 
certain because  the  quantity  of  this  gas  in  the  atmosphere  is  not 
known.  In  the  presence  of  moisture  and  at  ordinary  temperatures 
it  soon  reverts  to  ordinary  oxygen — a  sufficient  reason,  perhaps, 
why  only  traces  of  it  are  found  in  the  lower  atmosphere.  In 
the  high  atmosphere,  on  the  other  hand,  where  there  must  be 
very  little  moisture  and  where  the  temperature  in  mid-latitudes 
is  about  -55^^  C,  and  even  lower  in  the  tropics,  it  obviously  is 
far  more  stable.  Hence,  since  extreme  ultraviolet  radiation,  such 
as  there  is  every  reason  to  believe  is  emitted  by  the  sun,  on  passing 
through  cold  dr}-  oxygen  converts  much  c  f  it  into  ozone,  it  appears 
exceedingly  probable  that  this  substance  must  exist  to  appreciable 
amounts  in  the  higher  portions  of  the  atmosphere.  Indeed,  this 
probability  may  be  regarded  as  reduced  very  nearly  to  a  certainty 

o 

by  Angstrom's  ^^  discovery  of  two  solar  spectrum  bands  coinci- 
dent with  ozone  absorptions  at  about  A.4.7/X  and  ^.9.5/^,  respectively ; 
and  by  an  investigation  by  Fabry  and  Buisson  ^^  which  shows 
that  the  observed  limit  of  the  solar  spectrum  appears  to  be  fixed 
by  that  ozone  band  of  extraordinary  absorptive  power  whose 
maximum  occurs  at  about  Ao. 254/^1.  Presumably,  then,  there  is 
sufficient  ozone  in  the  atmosphere  to  be  of  importance  with  re- 
spect to  both  the  incoming  and  outgoing  radiation. 

The  form  of  the  solar  energy  spectrum  curve  outside  the 
atmosphere  as  determined  by  Abbot  and  Fowle  and  its  compari- 
son with  "  black-body  "  curves  at  6200°  and  7000°  absolute  C. 
are  given  by  Fig.  22,  a  copy  of  Fig.  29.  vol.  iii.  Annals  of  the 

^  Arkiv.  for  Matematik,  Astronomi  och  Fysik..   i.  p.  395  (1914). 
^Journal  dc  physique   (5),  3,  p.   196   (1913). 
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AstropJiYsiml  Olysm'titory  of  the  Smithsonian  Institution.  The 
curve  of  terrestrial  radiation  intensities,  on  the  other  hand,  is  n<jt 
kncnvn,  but  it  ol)\  ionslx-  nmst  he  within  that  of  a  full  radiator  at 


Fig.  22. 
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the  earth's  temperature,  but  close  to  it,  because  of  the  universal 
presence  of  the  highly  absorptive  substances,  water  vapor,  espe- 
cially, carbon  dioxide,  and  ozone.  That  is,  it  must  be  W'ithin,  but 
close  to,  the  black-body  curve  for  287.2°  C.  absolute,  as  shown 

Fig.  23. 
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ill  Fig-.  23,  copieil  from  Plate  XX,  vol.  ii,  Annals  of  the  Astro- 
physical  Observatory  of  the  Smithsonian  Institution  (Abbot  and 
Fowlc). 

The  absorptions  of  earth  radiation  l)y  water  vapor,  carbon 
dioxide,  and  ozone  are  shown  in  F\^.  24.  The  outer  or  envelop- 
ing curve,  a  copy  of  Fig.  23,  gives  the  intensity  distribution  of 
radiation  from  a  black  body  at  the  temperature  287.2^^  C.  absolute. 
The  area  of  this  curve  below  the  irregular  full  line  near  its  top, 
at  least  up  to  20/x,  and,  presumably,  through  much,  if  not  all, 
the  region  of  longer  wave-lengths,  shows  the  absorption  of  earth 

Fig.  24. 
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radiation  by  a  column  of  1.13  grammes  of  water  vapor  per  square 
centimetre  cross-section,  as  computed  by  Bouguer's  equation  from 
the  laboratory  data  of  Rubens  and  Aschkinass.^^  The  amount 
of  water  vapor  assumed,  1.13  grammes  per  square  centimetre 
cross-section  of  the  column,  is  that  which  Abbot  and  Fowle  ^^ 
have  computed  to  be  the  average  amount  in  the  atmosphere  as  a 
whole  above  the  1780-metre  level.  The  areas  below  the  two 
broken  curves  show  the  absorption  by  carbon  dioxide  above  the 
same  level,  as  computed  from  the  experimental  data  of  Schae- 

^^  Ann.  der  Phys..  64,  p.  584  (1898). 

^  Annals  of  the  Astrophys.  Obs.  Smithsonian  Institution,  vol.  ii,  p.  168 
(1908). 
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fcr.-'"'  and  I\iil)cns  and  Asclikinass.-'  I'inally.  the  area  below 
the  dotted  hue  ^ives  some  idea  of  the  ah>>(>r|)tioii  of  earth  radia- 
tion by  ozone,  conipnted,  after  niakini;  certain  assnniptions  ex- 
phiined  Ix-dow,  from  the  observations  of  Ladenbnr<(  and  Leh- 
mann.-*"  The  amount  of  the  ozone  absorption,  however,  is  uncer- 
tain, as  imphed,  for  several  reasons:  (a)  Laboratory  measure- 
ments have  not  extended  beyond  ijf.  (  b  )  While  Ladenburg 
and  Lehmann  give  the  length  of  the  absorbing  column  used,  one 
metre,  and  describe  minutel}'  their  ingenious  manometer,  they 
do  not  state  the  actual  pressures  at  which  their  data  were  obtained. 
But  as  their  ozone  was  nearly  pure,  and  as  they  refer  to  the  color 
of  the  gas  at  50  mm.  and  200  to  300  mm.,  it  would  seem  that 
they  used  the  equivalent,  roughly,  of  a  column  30  centimetres 
long  at,  say,  15°  C.  and  760  mm.  (c)  The  amount  of  ozone 
in  the  atmosphere  is  not  known.  Pring,-^  who  appears  to  have 
done  the  most  careful  work  on  this  subject,  estimates  it  to  be 
the  eq'uivalent  of  a  layer  of  the  pure  gas  4.2  centimetres  thick  at 
normal  temperature  and  pressure.  Hence  the  assumptions  re- 
ferred to  above  were  (i)  that  the  ozone  in  the  absorption  tube 
was  the  equivalent  of  a  column  30  centimetres  long,  and  (2  j  that 
the  ozone  in  the  atmosphere  is  equivalent  to  a  layer  whose  thick- 
ness is  only  4.2  centimetres,  each  at  atmospheric  pressure  and 
room  temperature. 

It  appears,  then,  as  shown  by  Fig.  24,  that  the  absorption  of 
earth  radiation  by  w^ater  vapor  is  nearly  perfect,  even  beyond 
the  level  of  one  to  two  kilometres ;  that  neither  at  this  level  nor, 
perhaps,  at  any  other  (consult  Fig.  18  and  its  accompanying  table 
for  probable  distribution  of  carbon  dioxide  and  water  vapor) 
does  the  carbon  dioxide  appreciably  affect  the  amount  of  absorp- 
into — already  complete  (through  the  presence  of  water  vapor) 
in  the  regions  of  its  bands;  and  that,  since  ozone  absorption  is 
very  strong  where  that  of  water  vapor  is  weakest  and  imperfect 
and  earth  radiation  at  its  maximum,  the  presence  of  this  gas  in 
the  atmosphere  has  a  slight  heat-conserving  or  warming  efTect. 

It  is  also  obvious  that,  although  each  of  these  substances  is 
an  effective  absorber  in  the  region  of  appreciable  to  strong  solar 
radiation,  their  joint  effect  on  earth  radiation  is  far  greater,  so 
much  so,  indeed,  that  for  low  levels  it  is  practically  complete. 

'"Ann.  der  Phys.,   16,  p.  93    (1905). 

^'  Loc.  cit. 

^  Ann.  der  Phys.,  21,  p.  305  (1906). 

^ Proc.  Roy.  Soc,  A,  vol.  90,  p.  204  (1914). 
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SURFACE   TEMPERATURES  AND  ABSORBING  GASES. 

The  radiation  Iroiii  a  particle  oi  water  vapor,  or  any  other 
substance  in  or  of  the  atmosphere,  clearly  is  equal  in  all  directions. 
Hence  the  amount  of  radiant  energy  incident  on  the  surface  of 
the  earth  and  the  resulting  temperature  are  generally  different 
from  w  hat  they  would  be  in  the  absence  of  any  such  absorbing 
and  radiating  medium.  During  the  night,  w  hen  there  is  no  incom- 
ing radiation  to  consider,  the  j)rocess  of  absorption  and  radiation 
b}'  the  constituents  of  the  atmosphere  manifestly  checks  the  rate 
of  surface  cooling,  and  thereby  insures  higher  night  tempera- 
tures than  otherwise  would  obtain.  Whether  this  process  also 
increases  day  temperatures  is  not  so  obvious.  It  does,  as  the 
following  argument  will  show,  when  and  only  when  the  substance 
involved,  whether  the  ozone  shell,  presumably  in  the  isothermal 
region,  the  water  vapor  shell  of  the  lower  atmosphere,  or  any 
other  such  shell,  is  more  absorptive  oi  the  outgoing  terrestrial 
radiation  than  of  the  incoming  solar  radiation. 

The  numerical  solution  of  the  problem  as  applied  to  any 
one  of  these  shells  is  complicated  by  the  alternation  between  night 
and  day :  by  constant  changes  in  the  solar  inclination ;  by  reflec- 
tion ;  and  probably  by  many  other  conditions  of  importance. 
However,  since  the  coefficient  of  absorption  is  independent  of 
intensity  of  radiation,  it  is  possible  to  obtain  an  approximate 
evaluation  of  the  temperature  effect  due  to  any  given  absorbing 
layer  or  shell. 

Let  /  be  the  average  intensity  of  the  normal  component  of  the 
absorbed  portion  of  so'lar  radiation :  that  is,  assuming,  as  already 
explained,  that  ^y  per  cent,  of  the  incident  solar  energy  is  wholly 
lost  by  reflection,  and  representing  the  solar  intensity  outside 
the  atmosphere  by  I  a,  then,  dividing  the  cross-section  of  the 
beam,  multiplied  by  its  effectiveness,  hy  the  area  over  which  it  is 
distributed, 

/= ~B^—  =0.16  h,  about, 

in  which  R  is  the  effective  radius  of  the  earth  as  an  intercepter  of 
incom.ing  radiation. 

Also  let  al  be  the  average  intensity  of  solar  energy,  including 
both  the  direct  and  the  reflected,  absorbed  by  the  outermost  shell, 
say,  or  by  the  ozone  of  the  upper  atmosphere.    Half  this  absorbed 
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energy  is  radiated  to  space  and  half  to  the  eartli.  including  the 
lower  atmosphere. 

The  earth,  which  for  convenience  may  he  considered  initially 
cold,  now   receives  radiation  of  the  average  intensity   (  i-a)    I 

from  the  sun,  and  of  the  intensity    ~  I  from  the  absorbing  laver 

under  consideration.      Together  these  amount  to  /  ( 1-  ~). 

After  a  time  the  earth  will  return  an  equal  average  radiation, 
but  of  very  different  si>ectral  distribution.  Let  bl  ( i-  -)  be 
the  part  of  this  long-wave  earth  radiation  absorl^ed  by  the  layer 
in  question.  As  before,  one  half,  or  -  /  (i-  -  ),  will  be  radi- 
ated back  to  the  earth,  there  absorbed,  because  of  its  long  wave- 
length, and  again  sent  out.     The  next  amount  returned  by  the 

shell  is  (-)^  /  (i-  -  ),  and  so  on  infinitely. 

Hence  the  total  average  intensity,  /^,  of  the  radiation  reaching 
the  earth  and  lower  atmosphere  is  given  by  the  ecjuation, 


w^--^.+^+ey+ +(i)^l 


a 
I  — 

( 


=  /-<  i-\-K{b—a)  >■,  since  b  cannot  exceed  unity, 

in  which 

-i{'-wir- -m 

Now,  b  is  positive  and  therefore  K  is  also  positive.    Hence 

/  \  I  -\-K{b-a)^^I 

according  as 

> 

b  = 

<a 

That  is,  the  total  amount  of  radiation  reaching  the  earth  is 
increased,  unchanged,  or  decreased  by  the  presence  of  an  absorb- 
ing shell  according  as  its  coefficient  of  absorption  of  terrestrial 
radiation  is  greater  than,  equal  to,  or  less  than  its  coefficient  of 
absorption  of  solar  radiation.  But  water  vapor,  carbon  dioxide, 
and  ozone  are  all  more  absorptive  of  earth  radiation  than  of  the 
comparatively  short  wave-length  solar  energy,  and  therefore  each, 
Vol.  184.  No.  iioi — 29 
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hut  water  vapor  especially,  keeps  the  averai^a'  temperature  hi<4her 
than  it  otherwise  would  he. 

Suppose  h  -  20  per  cent,  and  a  -  2  per  cent.,  then, 

/   J.\  +  A' (/^- a;  I  =1.1/,  about. 

That  is,  the  incoinin<4  radiation,  and  hence  also  the  outgoing 
radiation,  is  increased  kj  per  cent,  over  what  it  would  be  if  such 
an  absorbing  layer  chcl  not  exist.  But  as  the  earth,  largely 
because  of  its  water  vapor,  radiates  substantially  as  a  black  body, 
or  in  proportion  to  the  fourth  power  of  the  absolute  temperature, 
it  follows  that  a  10  per  cent,  increase  of  radiation  implies  approxi- 
mately a  2.5  per  cent,  increase  of  the  absolute  temperature.  In 
other  words,  an  absorbing  shell  with  the  properties  assumed, 
properties  that  possibly  are  of  the  same  order  of  magnitude  as 
those  of  the  existing-  ozone  in  the  upper  atmosphere,  would 
maintain  the  average  temperature  of  the  earth  about  7"  C.  higher 
than  it  otherwise  would  be. 

Any  increase,  then,  in  the  amount  of  ozone,  or  other  similar 
absorbing  material,  in  the  outer  atmosphere  must  more  or  less 
increase  the  average  teinperature  of  the  earth.  Hence  variations 
in  the  output  from  the  sun  of  the  ozonizing  or  very  short  w-ave- 
length  radiation  presumably  would  alter  the  ozone  content  of 
the  upper  air  and  through  it,  as  above  explained,  the  average 
temperature  of  the  earth.  Other  things  being  equal,  it  would 
seem  that  there  should  be  a  maximum  of  this  extreme  ultraviolet 
radiation  and,  conseciuently,  maximum  average  temperature  at  the 
time  of  a  sunspot  minimum  when  the  solar  atmosphere  is  com- 
paratively clear,  as  indicated  by  a  minimum  corona ;  and  a  mini- 
mum, with  minimum  average  temperature,  at  the  time  of  a  spot 
maximum  when  the  "  dustiness  "  of  the  solar  atmosphere,  as 
shown  by  a  maximum  corona,  is  very  great.  Even  if  the  solar 
constant  should  be  a  little  greater  at  the  time  of  a  spot  maximum 
than  at  a  spot  minimum,  the  above  variation  of  ozone,  if  it  occurs, 
might  lead  to  the  paradoxical  concurrence  of  maximum  average 
temperature  w^ith  minimum  average  insolation  and  minimum 
average  temperature  with  maximum  average  insolation. 

{To  he  continued.) 


pany 

were :  ^''' 

Date 

Kilowatts 

R.P.M 

1889 

75 

4800 

1891 

150 

4800 

1S94 

350 

3COO 

MODERN  DYNAMO  ELECTRIC  MACHINERY/- 

I!V 

ALEXANDER    GRAY,   M.   Sc, 

Professor  of  Electrical  ICiigincering,  (  ornell  University,  Ithaca,  \.  V. 
TURBO-ALTERNATORS. 

'Ihe  history  '"  oi  the  developnieiU  of  tlu-  turbo-alternator 
begins  about  1S89.  when  a  js-kilowatt  machine  was  built  by  the 
Parsons  Compan\-  to  operate  at  4S00  revolutions  per  minute. 
Some  of  the  other  early  turbo-alternators  developed  by  this  com- 

Poles  Remarks 

2  Rotating  armature  type  with  sur- 

face ventilation. 

2  Rotating    armature    with    radial 

ducts  fed  by  axial  holes. 

4  Rotating     armature     with     axial 

ducts  and  a    fan  at  one  end. 

It  is  of  interest  to  note  that,  as  early  as  1894,  Parsons  had 
used  both  radial  and  axial  ventilation:  even  to-day  there  is  much 
controversy  as  to  which  is  the  most  satisfactory  for  modern 
turbo-alternators. 

By  1899  the  output  had  become  so  large  and  the  voltage  so 
high  that  it  was  no  longer  considered  desirable  to  use  the  rotating 
armature  type  of  machine,  and  so  the  rotating  field  type  gradually 
won  favor.  The  Brown  Boveri  Company,  from  the  start  in 
1901,  have  built  the  smooth  drum  type  of  rotor,  shown  in  Fig.  57, 
their  purpose  being  "  to  subdivide  the  field  winding  into  a  num- 
ber of  slots  with  a  view  to  distributing  the  centrifugal  force  of 
the  winding,  the  whole  of  the  field  iron  being  thereby  brought 
into  close  proximity  with  the  armature  surface  and  the  space 
between  the  usual  salient  polepieces  being  utilized. 

L'p  until  1905  two  methods  were  used  to  cool  these  machines. 
In  the  older  method  standard  slow-speed  practice  was  followed, 

*  Continued  from  page  226,  August  issue. 

"  "  The  Engineering  Evolution  of  Electrical  Apparatus,"  Lamme,  Electric 
Journal,  vol.  ii,  p.  221.  1914. 

""  High-speed  Electrical  Machinery."  Storey  and  Law.  Journal  of  the 
Institution  of  Electrical  Engineers,  vol.  4i»  P-  286,  1908. 
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the  air  hcinj;  stirred  up  around  the  machine  and  the  exposed 
surface  made  as  large  as  possible.  In  modern  practice,  however, 
the  machine  is  totally  enclosed  so  that  it  will  operate  (piietly 
while  air  is  forced  through  the  machine  and  directed  on  the 
surfaces  to  be  cooled. 

In  those  days,  also,  there  was  much  discussion  as  to  the  best 
type  of  turbo-rotor.'^  Some  had  salient  poles  as  shown  in 
Fig.  56,  others  were  of  the  cylindrical  drum  type  as  shown  in 

Fig.  56. 


High-speed  rotor  with  salient  poles. 

Figs.  57  and  58,  some  were  built  up  out  of  laminations  and 
others  of  2j4-inch  disks  mounted  on  a  shaft,  some  were  solid 
forgings  and  others  were  of  cast  steel.  There  was  much  argu- 
ment as  to  the  relative  merits  of  the  salient  pole  and  of  the 
cylindrical  type  of  construction,  and  this  subject  was  finally 
thrashed  out  in  the  discussion  of  a  paper  ^^  by  Miles  Walker  in 
1910,  by  which  time  it  had  become  apparent  to  designers  of  turbo- 
alternators  of  large  output  that  the  cylindrical  type  of  rotor  was 

^*"  Steam  Turbine  Dynamos,"  Ellis,  Ibid.,  vol.  37,  p.  305,  1906. 
'""  Design   of   Turbo   Field   Magnets    for    Alternate-current   Generators," 
Walker,  Ibid.,  vol.  45,  p.  319,  1910. 
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Cylindrical  type  of  rotor  with  parallel  slots.     In  this  type  the  end  connections  a  are  well  sup- 
ported, but  the  bending  stress  at  b  becomes  excessive  at  high  speeds. 


Fig.  58- 


Cylindrical  type  of  rotor  with  radial  slots.     There  is  no  bending  force  on  the  teeth,  but   the 
support  for  the  end  connections  is  not  as  good  as  in  Fig.  57- 


\ 


Fig.  58a 


Part  of  the  rotor  of  a  1250-kv.a.,  3600-r.p.m.  generator. 
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the  more  satisfactory  l^ecaiise  of  the  better  utilization  of  the 
space  in  the  rotor  l)ore.  Many  of  the  different  types  of  con- 
struction have  l)een  weeded  out  until  we  now  have  in  this  country 
only  two  that  are  used  for  machines  of  lar<^e  output:  in  one  case, 
shown  in  higs.  59  and  60,  the  rotor  is  forged  out  of  a  solid 
block  of  steel  which  is  carefully  worked  and  annealed;  in  the 
(^ther  case  it  is  built  up  out  of  plates  that  are  rabbited  into  one 
another  and  held  tooether  bv  through  bolts  as  shown  in  Fig.  61.^^ 

Fig.  59. 


Hydraulically  forged  rotor  core  and  shaft  for  a  6250-kv.a.,  3600-r.p.m.  turbo-alternator. 

A  cylindrical  rotor  with  radial  slots  is  shown  in  Fig.  62  in 
process  of  winding.  One  of  the  most  difficult  problems  with 
this  type  of  construction  is  to  support  the  rotor  end  connections. 
They  are  generally  held  against  centrifugal  force  by  a  retaining 
ring  as  shown  in  Fig.  58.  The  stress  in  such  a  ring  rotating 
wnth  a  peripheral  velocity  of  23,000  feet  per  minute  at  1800  revo- 
lutions per  minute  is  15,000  pounds  per  square  inch,  due  to  its 

^^  "  Some  Difficulties  of  Design  of  High-speed  Generators,"  Field,  Ibid., 
vol.  54,  p.  65,  1915. 
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own  wcii^ht.  and.  in  order  that  the  rin;^^  nia\-  support  the  end 
connections  at  jo  per  cent,  overspeed,  it  must  he  of  hii^h-j^rade 
steel,  which  material  may  he  ohtained  in  the  t'orm  of  a  nickel 
chrome  steel  weldless  rinp^  with  the  followinj^  characteristics: 

Uhimate  stress  =  120,000  pounds  per  scjuare  inch. 

Elastic   limit  =  100,000  pounds  per  s(|uare  inch. 

Elongation  =  18  per  cent,  on  2  inches. 

Reduction  in  area  =  50  per  cent. 

Fig.  60. 


Rotor  core  of  a  6250-kv.a.,  3600-r.p.m.  turbo-alternator. 

It  is  true  that  by  using  steel  for  this  purpose  a  magnetic  shunt 
is  placed  between  the  poles,  and  the  resulting  leakage  flux  is 
limited  only  by  the  saturation  of  the  material,  so  that  the  leakage 
factor  would  be  large  were  it  not  for  the  fact  that  the  poles  are 
long  and  the  useful  flux  per  pole  i"S  large. 

Liiniiations  in  Modern  Turho-Altcrnators. 
\\q  have  seen  that  the  cylindrical  type  of  rotor  has  proved  by 
experience  to  be  the  most  desirable  for  turbo-alternators  of  large 
output  and  high  speed,  and,  in  order  to  understand  the  develop- 
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Fig.  6i. 


^       -v,       ^       >/.        ^ 


Cylindrical  rotor  built  up  out  of  plates. 

Fig.  62. 


Rotor  of  a  12,500-kv.a.,  i8oo-r.p.m.,  60-cycle  turbo-alternator. 


Sept.,  191/]    Modern  Dynamo  Electric  Machinery. 


415 


nient  that  has  taken  place,  we  shall  find  the  dimensions  of  a  60- 
cycle  machine  with  an  ontpnt  of  30,000  kilovolt-amperes  at  1800 
revolutions  per  minute,  and  then  show  by  how  much  the  output 
would  have  to  he  reduced  if  the  rej^^ulation  and  the  permissible 
rise  of  temperature  were  as  specified  a  few  years  a^o. 

Maxiiiutni  Pcnnissiblc  Diameter  of  Rotor. — The  subject  of 
stresses  in  rotatinj^^  disks  that  are  loaded  on  the  external  periphery 
is  very  complex  and  is  beyond  the  scope  of  this  article.'-  Turbo- 
rotors  have  been  built  to  run  at  1800  revolutions  per  minute  with 
a  peripheral  velocity  of  24,000  feet  per  minute  without  the  use 
of  special  steel,  and,  takins^  this  as  a  suitable  value,  the  diameter 
of  the  rotor  for  such  a  machine  is  51  inches. 

Width  of  Rotor  ]Vinding  Belt. — It  may  be  seen  from  Fig.  62 

Fig.  63. 


Fig.  64. 
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WINDING   BELT/POLE  PITCH 

Effect  of  the  width  of  the  winding  belt  on  the  flux  per  pole. 


1-0 


^  "  Design  and  Construction  of  Steam  Turbines,"  by  H.  M.  Martin,  pub- 
lished by  Longmans,  Green  &  Co.,  in  1913. 
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lliat  the  whole  rotor  surface  is  not  utilized  to  carry  the  rotor 
winding  ;  there  is  still  room  for  two  more  slots  per  pole  at  p  and  q 
and  for  one  more  coil.  It  will  be  noted,  how^ever,  that  this  coil 
would  span  only  a  small  part  of  the  pole  pitch,  so  that  the  addi- 
tional llux  produced  per  pole  would  not  be  worth  the  cost  of  the 
additional  copper. 

In  V'v^.  63  let  the  rotor  be  wound  uniformly  over  a  belt  of 
width  .r  and  let  the  air-gap  clearance  be  uniform;  then  the  curve 
of  flux  distribution  will  be  as  shown,  and 
the  flux  density  over  the  surface  r/  =  kx 

the  total  flux  per  pole  =  a  constant  [.r  (   \-x)  +  ^'] 

=  a  constant  [x  (i-    )1 

This  is  the  equation  to  the  curve  in  Fig.  64,  from  which  curve 
it  may  be  seen  that,  for  equal  increments  in  the  width  of  the 
winding  belt,  the  corresponding  increments  in  the  flux  per  pole 
become  gradually  smaller,  and  that  the  addition  of  the  last  30 
per  cent,  of  the  rotor  copper  causes  an  increase  of  only  9  per 
cent,  in  the  flux  per  pole.  There  is  evidently  a  point,  therefore, 
beyond  which  the  gain  in  the  flux  per  pole  is  not  worth  the  price 
of  the  additional  copper,  and,  judging  from  present  practice, 
it  would  appear  to  be  uneconomical  to  make  the  width  of  the 
belt  greater  than  70  per  cent,  of  the  pole  pitch. 

Maxim ujii  Depth  of  Slot. — Each  tooth  has  to  be  strong 
enough  to  carry  the  centrifugal  force  due  to  its  own  weight  and  to 
that  of  the  contents  of  one  slot,  so  that  if  the  depth  of  slot  is 
increased  its  width  will  have  to  be  decreased,  as  shown  in  Fig.  65, 
in  order  to  leave  enough  metal  at  the  root.  For  one  particular 
value  of  the  slot  depth,  the  slot  area  (s  x  d)  will  have  the  largest 
value. 

The  stress  at  t,  Fig.   65,  is  given  by  the  formula:    Stress 

1  -1  (ri3— r23)         (/  +  s)Xl6o  , 

m  pounds  per  square  mch  =     ^ ; — ^  X  ^-^^!^  ^  ^-^^        where 

^  ^  ^  21.5X106X/  27rr2 

the  dimensions  are  in  inches.  If  the  diameter  of  the  rotor  is 
51  inches,  the  speed  is  1800  revolutions  per  minute,  and  the  tooth 
stress  is  limited  to  14.000  pounds  per  square  inch;  then  the  maxi- 
mum slot  width  for  each  value  of  slot  depth  is  as  shown  in 
Fig.  66;  the  variation  of  permissible  slot  area  with  slot  depth  is 
also  shown,  and  in  this  particular  case  there  is  nothing  to  gain 
by  using  slots  that  are  deeper  than  7  inches. 
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Ximibi-r  of  Slots  per  Pole. — divcn  that  the  rotor  diameter 
is  51  inches,  the  wiiulinj^  helt  covers  70  i)er  cent.  <»f  the  pole  pitch, 
and   the  slot   (lei)th   is  7  inches,  let  ns  Inul   the  innnber  of   slots 


Fig.  65. 


Fig.  66. 
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Variation  of  the  slot  area  per  pole  with  the  depth  of  the  slot. 
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that  will  give  the  largest  excitation,  the  rise  in  temperature  of 
the  rotor  copper  being  limited  to  loo"^  C. 

The  maximr.m  slot  area  [)er  pole  ma\'  be  obtained  from  Fig. 
66,  and  this  area  is  independent  oi  the  number  of  slots  per  pole. 
The  i)art  of  this  space  that  is  occupied  by  insulating  material 
increases  with  the  number  of  slots  per  j)ole,  because  the  thick- 
ness of  the  cell  does  not  change;  one  can  indeed  conceive  of  the 
case  where  the  number  of  slots  is  so  large  that  the  slots  are  not 
wide  enough  to  hold  more  than  the  insulating  cell,  and  the  space 
for  copper  is  zero.  On  the  other  hand,  the  copper  loss  per  slot 
decreases  as  the  number  of  slots  is  increased,  and,  as  the  heat 
generated  has  to  pass  through  the  insulation  before  it  can  be  dissi- 
pated  from  the  external  surface  of  the  rotor,  the  temperature 

Fig.  67. 


drop  through  the  insulation,  being  proportional  to  the  heat  gen- 
erated per  slot,  decrease's  as  the  winding  is  subdivided,  so  that 
the  current  density  can  be  increased.  There  is  a  point,  however, 
beyond  which  the  effect  of  the  reduction  in  copper  space  more 
than  compensates  for  the  increase  in  the  current  density,  and  the 
problem  is  to  find  the  number  of  slots  per  pole  for  which  the 
ampere-turns  per  pole  has  the  largest  value. 

A  short  digression  wall  be  necessary  here  tO'  derive  a  formula 
for  the  temperature  rise  of  the  rotor  copper.  The  assumption 
made  in  this  discussion  is  that  all  of  the  heat  generated  in  the 
part  a  h  c  d  oi  the  rotor.  Fig.  67,  is  dissipated  from  the  surface 
ttDi,  or  that  each  part  of  the  rotor  gets  rid  of  its  own  heat  and 
there  is  no  conduction  axially  along  the  winding.  That  this 
assumption  is  not  unreasonable  may  be  shown  as  follows : 

If  it  is  assumed  that,  since  the  copper  is  a  good  conductor  of 
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heat  and  is  surrounded  by  insulalin<;  material  which  is  a  p(X)r 
conductor,  the  heat  generated  in  the  copper  is  all  conducted  to 
and  dissipated  from  the  ends,  then  the  difYerence  in  temperature 
between  ;//  and  n.  Fig.  67,  is  ecjual  to 

L/2 

,     r„  \'^    \v.    ^V  I 

(/=X    _,   )X.,  X, 

where  7  is  the  current  per  conductor. 

P  is  the  resistance  of  a  conductor   1   inch  long  and   1   scjuare 
inch  in  cross-section  =  0.8  x  io~^  ohms  at  normal  operating 
temperatures. 
k  is  the  thermal  conductivity  of  a  conductor  i   inch  long  and 
I  square  inch  in  cross-section  =  1 1  watts  i>er  i "  C. 
therefore 

Tmn  =  -T     ^2  8"     ^^'        ° 

A  reasonable  value  for  /  A,  the  amperes  per  square  inch,  is 
1950  (650  circular  mils  per  ampere),  and  for  L  is  60  inches,  and 
for  these  conditions  Tmu  =  125^  C. 

If,  on  the  other  hand,  we  assume  that  all  of  the  heat  is  con- 
ducted through  the  insulation,  then  the. heat  generated  per  inch 
length  of  slot  is  equal  to 

conductors  per  slot  X  (current  per  conductor)  -  X  Pi 
cross-section  of  conductor 

ampere  conductors  per  slot 

=  , Tj ^^-T X  i.o 

circular  mils  per  ampere 

since  Pj,  the  resistance  of  a  conductor  i  inch  long  and  i  circular 
mil  in  cross-section,  is  equal  to  i  ohm  approximately  at  normal 
operating  temperatures. 

The  temperature  drop  through  the  insulation  is  equal  to 

ampere  conductors  per  slot  thickness  of  insulation         i 

circular  mils  per  ampere  2  X  slot  depth  K 

where  K,  the  thermal  conductivity  of  insulating  material  in  inch 

units,  is  0.003  watt  per  degree  Centigrade. 

For  a  turbo-rotor  with  51,000  ampere  turns  per  pole, 

10  slots  per  pole. 
650  circular  mils  per  ampere, 
0.1  thickness  of  insulation  in  inches, 
=..y^   effective   slot  depth   in   inches, 

the  temperature  drop  through  the  insulation  is  45"  C. 
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The  difference  in  temperature,  7>,  between  the  rotor  copper 
and  the  air  which  enters  the  machine  is  ecjual  to  T,i  +  Ti,  +  Tc 
where  Ta  -  the  difference  in  temperature  between  the  copper  and 
the  iron,  which,  as  alread\-  shown,  is  equal  to 

ampere  conductors  per  slot        thickness  of  insulation  i 

circular  mils  per  ampdre       ^  2  X  effective  slot  depth        o.oo3 

The  thickness  of  insulation  is  generally  o.  i  inch. 
Tb  —  the  difference  in  temperature  between  the  iron  and  the  air 
at  the  rotor  surface  is  equal  to 

watts  loss  per  inch  length  of  slot  X  total  slots       ^ 

--^—  X  K  r 

where  K,  is  the  temperature  rise  per  watt  per  square  inch 
of  the  rotor  surface  and  has  a  value  of  about  10  degrees 
Centigrade  for  surface  velocities  of  the  order  of  20,000 
feet  per  minute,  therefore 

_  ampere  conductors  per  slot         10  X  slots  per  pole 

lb—   — -V j Tj ; X 


circular  mils  per  ampere  pole  pitch 

Tc  -  the  difference  in  temperature  between  the  air  at  the  rotor 
surface  and  that  entering  the  machine,  a  reasonable  value 
for  which  is  15°  C. 

I  c  T    —      ampere  conductors  per  pole    T       33 

~         circular  mils  per  ampere      L  (2d)  slots  per  pole 

, 10         1  ■ 

pole  pitch  \^^^ 

We  are  now  in  a  position  to  find  the  most  suitable  number 
of  slots  per  pole  given  that  the  rotor  diameter  is  51  inches,  the 
winding  belt  is  0.7  times  the  pole  pitch,  or  28  inches,  the  slot  depth 
is  7  inches,  the  stress  in  the  rotor  teeth  is  14,000  pounds  per 
square  inch,  and  the  permissible  value  of  T,-  is  100°  C. 


Slots 
per  pole 

Slot 
depth 
Inches 

s,  Fig.  65 
Inches 

/,  Fig.  65 
Inches 

Depth  of 

wedge  =  / 

Inches 

Copper  section  per 
slot=(d-f-o.3) 

s-o.2)Xo.85 
Square  inches 

4 

7 

3.34 

1.76 

2.6 

10.90 

6 

7 

2.21 

I.I7 

1.75 

8.46 

8 

7 

1.66 

0.88 

1-3 

6.70 

10 

7 

1.33 

0.70 

1.25 

5.22 

12 

7 

I. II 

0.59 

1.25 

4.22 

16 

7 

0.83 

0.44 

1.25 

2.92 

20 

7 

0.66 

0.36 

1.25 

2.13 
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Ampere  conductors  per  pole 


Pole  pitch 

+ 
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— 
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4- 
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= 
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Fig.  68. 
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Effect  of  the  number  of  rotor  slots  per  pole  on  the  maximum  excitation. 

The  depth  of  the  wedge  can  be  decreased  as  the  slot  width 
is  decreased,  but  in  this  particular  machine  it  cannot  be  made 
less  than  1.25  inches,  because  the  projecting  rotor  coils  have  to 
be  supported  by  a  retaining  ring  whose  thickness  y,  Fig.  58,  must 
be  sufficient  to  support  the  total  weight  of  end-connection  copper, 
and  this  weight  is  almost  independent  of  the  number  of  slots  per 
pole. 
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The  copper  section  per  slot  was  found  by  assuming  that  the 
cell  oi  slot  insulation  is  o.  i  inch  thick  and  that  the  insulation 
between  layers  occupies  15  per  cent,  of  the  available  space. 

.Iriiiahtrc  .impcre  Turns  per  Pole  at  Full  Load. — Fig.  69 
shows  typical  characteristic  curves  of  a  modem  alternator  of  large 
capacity.  The  air-gap  clearance  has  such  a  value  that  the  field 
excitation  ref|uircd  to  give  normal  voltage  on  no-load   (namely, 

Fig.  69. 
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2  2     2.4X  K 


Op)  is  just  sufficient  to  cause  full-load  current  to  circulate  in  the 
armature  on  short  circuit. 

The  leakage  reactance  drop  =  ah. 

=  14  per  cent,  of  normal  voltage. 
The  demagnetizing  ampere  turns  per  pole  =  he. 

-  0.48  (om). 
=  0.48   (maximum 
field  ampere 
turns  per  pole). 
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IMiis  (inaiitity  is  also--'  =  0.41    (arniatiire  ampere  turns  |kt 
pole  \  J  ) 
therefore  arnialiire  ampere  turns  per  pole 

=  0.59  (maxinunn  am|)ere  turns  per  polej. 
=  0.59  X  51,000  with  10  slots  per  pole,  Fig.  68. 
=  30,000. 

Hie  correspondinj^-  \alue  of  ampere  conduetors  per  inch  of 
stator  periphery   is  approximately    1440. 

Generated  J  'oltcu/c  per  Conductor. —  1  \  the  rotor  and  the  stator 
teeth  are  not  highly  saturated  then,  since  the  air-gap  clearance 
is  large,  the  flux  distribution  over  the  pole  pitch  is  as  shown  in 
Fig.  63,  and.  for  a  winding  l)elt  of  70  per  cent.,  the  average 
gap  density  is  0.65  times  the  maximum  value.  I  f .  then,  the  stator 
tooth  density  is  limited  to  100,000  lines  per  scjuare  inch,  the 
flux  per  pole 

«^  =  100,000  X  r,  T  X  Pol^  pitch  X  Ln  X0.65 

where  Ln  is  the  net  length  of  iron  in  the  core, 
t  is  the  width  of  stator  tooth  tip. 
i"  is  the  width  of  stator  slot. 
The   value   of   t/s  will   not   exceed    i.io    for   a    13,200-volt 
machine. 

The  efifective  electromotive  force  per  conductor  is 

Ec  =  2.22  X  ^X  frequency  X  lo-^ 

=  2.22  X  (100,000  X  —  X"^^X  Ln  X  0.65)  X  60  X  10-^ 
2.1  4  "^ 

=  1.88  Ln  for  this  particular  machine. 

The  Maximum  Output. — The  maximum  permissible  output 
for  a  machine  is 

KV.A.  ^=  kfj  X  E(.  ampere  conductors  per  pole    X  poles  lo-^ 

where  k,,  the  winding  distribution  factor,  is  equal  to  0.96  for  a 
full-pitch,  three-phase  winding,  therefore 

KV.A.  =  0.96  X   (1.88  L„)   X  (30.000  X  2)  X  4  X  10-3 
=  432  per  inch  length  of  net  iron. 

The  net  core  length  for  a  30,000-kv.a.  machine  is  therefore 
equal  to  70  inches. 

Stator  Ventilation. — ^lany  schemes  have  been  suggested  and 
used  for  the  cooling  of  turbo-alternators.     In  modern  practice 


^ "  Electrical  Machine  Design,"   Gray,  p.  289. 
\'0L.  184,  No.  iioi — 30 
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the  machine  is  totally  enclosed  and  air  is  forced  throuj^h  and 
directed  on  to  the  surfaces  to  be  cooled.  About  lOo  cubic  feet 
of  air  is  re(|uired  per  minute  per  kilowatt  of  loss,  and  this  will 
cause  the  air  to  rise  i8°  C.  in  passing  through  the  machine. 

A  turbo-alternator  with  a  capacity  of  30,000  kv.a.  will  have 
a  loss  on  full  load  at  83  per  cent.  i)()wer  factor  of  about  760 
kilowatts,  distributed  approximately  as   follows : 

Stator    PR    =    37 

Core  loss   =  230 

Stray   loss    =  100 

367 
Rotor   PR    =    68 

Windage,  friction  and  fan    =  325 

Total    =  760 

This  machine  will  therefore  require  about  76,000  cubic  feet 
of  air  per  minute,  which  is  the  contents  of  a  room  10  feet  cube 
emptied  about  i  j4  times  every  second.  This  large  volume  of  air 
should  not  be  drawai  from  the  power-house  and  then  discharged 

Fig.  70. 
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Air-diicts  for  a  turbo-alternator. 
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l\ick  as;ain.  l)ccaiise  it  rises  i«S  C\  every  lime  it  i)asscs  tlirou.uli 
the  machine.  It  is  considered  i^mxhI  practice  to  (h'aw  tlie  air  from 
outside  o\  the  huildinj^.  pass  it  thron<;h  air  washers,  and  then 
throuiih  the  machine,  after  which  it  is  (Hscharji^ed  outside  oi"  tlie 


IMC.    71. 


Turbine  room,  river  station,  Buffalo  General  Electric  Company. 

building  by  a  suitable  duct.  Such  a  scheme  of  ventilation  is 
partly  shown  in  Fig.  70.  The  appearance  of  the  station  is  then 
as  shown  in  Fig.  71. 

This  large  volume  of  air  must  be  brought  into  close  contact 
with  the  heated  surfaces,  and  the  two  best-know'n  methods  of 
accomplishing  this  result  are  indicated  in  Fig.  y2.     In  one  case 
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the  air  is  lorccd  thr()ii<;li  axial  duels  across  the  edges  of  the 
laminations,  and  in  the  other  case  rachal  chicts  are  provided.  In 
the  tornier  case  tlie  (hut  surface  is  150.000  square  inches,  and 
in  the  hitter  case  200,000  s(|uare  inches  are  ])rovi(le(l.  so  that  the 
watts  of  stator  loss  per  square  inch  of  stator  duct  surface  are 
2.45  and  I. (S3  respectively;  the  higher  value  can  he  used  with  the 
axially  ventilated  machine,  hecause  the  temperature  drop  through 

Fig.  72. 


Diagram  showing  axial  and  radial  ventilation  of  a  30,000-kv.a.  turbo-alternatoi 

Fig.  -jz. 


Stator  punching  of  an  axially  ventilated  machine. 

the  iron  part  of  the  heat  path  is  lower  than  in  the  machine  with 
the  radial  ducts,  because,  in  this  latter  case,  the  heat  has  to  flow 
across  the  laminations. 

Stator  Construction. — Fig.  73  shows  one  of  the  punchings  of 
an  axially  ventilated  stator.  The  duct  surface  must  be  sufficient 
to  limit  the  watts  per  square  inch  to  about  2.45  and  the  duct 
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section  such  as  to  limit  the  air  velocity  to  5()()()  t'cct  per  minute, 
with  an  air  supply  of  100  cubic  feel  per  minute  per  kilowatt  of 
total  loss. 

Mi;.  74  shows  the  stator  assemi)le(i  and  ready  to  he  wound; 
the  air  |)asses  axially  as  shown  in  Im<;-.  ji  and  escapes  through 
the  central  duct.  y\'g.  'J^  shows  a  machine  of  ^i^reater  output, 
the  volume  of  air  heinf;  such  that  three  central  ducts  are  re- 
quired for  its  escape.     The  stator  windin*;,  it  will  he  noted,  is 

Fig.  74. 


Stater  of  an  axially  ventilated  turbo-alternator. 

thoroughly  braced  on  the  ends  so  that  it  will  be  able  to  with- 
stand the  enormous  mechanical  forces  that  are  exerted  when 
the  machine  is  suddenly  short-circuited.-"^ 

The  first  method  of  cooling  turbo-alternators  by  means  of 
radial  ducts  was  that  covered  by  the  Brown  patents  of  iQOi  and 
is  shown  diagrammatically  in  Fig.  76.  This  method  is  still  used 
for  machines  up  to  about   1000  kv.a.   capacity.     Air  from  the 

"*  '*  Short-circuiting  of  Large  Electric  Generators  and  the  Resulting 
Forces  on  the  Armature  Windings,"  Walker,  Journal  of  the  Institution  of 
Electrical  Engineers,  vol.  45,  p.  295.  1910. 
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rolor  fans  is  forced  into  tlic  chanil)L'r  H,  \\licnc,c  it  passes  up  both 
sides  of  the  mai-liine  in  ])arallel.  In  the  ease  of  hir^er  machines, 
liowever,  the  len^i^th  ot  ])ath  c  becomes  excessive  and  it  l)econies 
difticult  to  keej)  llie  top  of  the  machine  cool.  ^Phis  dirt'iculty  i? 
overcome  by  introducing^  cool  air  at  several  points  on  the  stator 
periphery,  as  at  A,  Fig.  yy. 

Fic.  73. 


Stator  of  an  axially  ventilated  turbo-alternator. 

Fig.  78  shows  the  stator  core  for  such  a  machine.  Air  from 
the  rotor  fans  passes  to  the  openings  A  and  then  through  the  radial 
vent  ducts  to  the  exits  B.  Fig.  79  shows  the  same  machine 
supplied  with  its  winding,  which  again  is  thorougly  braced. 

One  other  method  of  cooling  used  in  this  country  makes 
use  of  the  radial  ducts,  but  these  are   fed  from  the  air-gap  as 
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shown  in  l-'ii^.  80  rather  than  from  the  outer  periphery  of  the 
stator.  W  hen  the  ducts  of  a  very  lon^  machine  are  i^'d  in  this 
way  the  \el(U'ity  of  the  air  in   the  i^ap  becomes   \er\-  ln\i;h.  an<l 


i     i 


Ventilation  of  small  turbos. 


Fig.  77. 


Turbo  ventilation  bv  means  of  radial  ducts. 


when  it  reaches  a  vaUie  of  about  12,000  feet  per  minute  it  becomes 
desirable  to  feed  the  air-gap  from  the  centre  as  well  as  from 
the  ends  of  the  machine,  additional  fans  being  added  to  the 
rotor  for  this  purpose.     Such  a  rotor  is  shown  in  Fig.  81. 
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Stator  core  for  a  machine  ventilated  as  shown  in  Fig.  7". 
Fig.  7g. 


Stator  for  a  machine  ventilated  as  showri  in  Fig.  77. 
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111  the  30,000-kv.a.  niacliiiK'  under  discussion  the  total  loss 
un  lull  load  is  jho  kilowatts,  the  volume  of  air  recjuired  is  76,000 
cubic  feet  per  minute,  the  air-gap  clearance  is  1.73  inches,  and 
the  area  oi  the  air-path  along  the  gap  is  2  square  feet,  so  that,  if 
the  machine  is  ivd  only  from  the  ends,  the  maximum  air  velocity 
will  be  19,000  feet  per  minute,  but  will  have  only  half  of  this 
value  if  air  is  also  fed  into  the  gap  from  the  centre  of  the  machine. 
If  the  air  is  uniformly  distributed  to  the  ducts  the  maximum  air 
velocitv   in   the   ducts   will   be   less  than   3000    feet   ])er   minute, 

Fig.  80. 


OIL  3 

discharge: 


AIR  INLET        discharge:    AIR  INLET 


Small  turbo-alternator  with  air-gap  ventilation. 
I.  Outboard  bearing  bracket  and  cap.  2.  Air  shield.  3.  Air-shield  ring,  outer  (gener- 
ator end).  4.  Brush  holder  stud.  S-  Oil  deflector.  6.  Oil  fan.  7.  Oil  rings.  8.  Cooling 
water  tube.  9.  End  cover.  10.  Lining.  11.  Sight-hole  plug.  12.  Collector  rings.  13.  Air- 
shield  rings  (inner).  14.  Field-retaining  ring.  15.  Armature  coils.  16.  Armature  spider. 
17-  Armature  punchings.  18.  Lagging  for  armature  spider.  19.  Field  coils.  20.  Air  fan 
and  end  flange.  21.  Main  bearing,  cap,  and  connection  piece.  22.  Air-shield  ring,  outer  (tur- 
bine end).     23.  Shaft  and  revolving  field.     24.  Turbine  half  coupling^and  shaft. 

except  where  the  air  passes  through  the  ducts  in  the  teeth.  The 
velocity  of  the  air  is  therefore  high  and  the  ventilation  most 
effective  in  the  air-gap  and  tooth  ducts,  and  these  are  the  places 
around  which  the  losses  are  most  concentrated. 

All  three  of  these  solutions  of  the  cooling  problem  are  suc- 
cessful in  practice.  This  is  made  certain  by  the  insertion  of 
thermocouples  or  resistance  thermometers  into  the  machine  so 
that  the  temperature  rise  of  the  hottest  part  may  be  determined 
at  any  time.  This  temperature  rise  we  have  limited  to  ioo°  C. 
in  the  case  of  the  rotor,  and  this  value  set  a  limit  to  the  permissible 
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rotor  excitation  and  therefore  to  the  state )r  ampere  turns  per  pole. 

Ahhou^di  the  number  of  the  stator  conchictors  has  therefore 
been  fixed,  their  cross-section  depends  on  the  permissible  tem- 
perature rise  of  the  stator.  If  tlie  coils  are  insulated  with  var- 
nished cloth  and  mica,  the  maximum  temperature  should  not 
exceed  ioo°  C.  as  measured  by  a  thermocouple.  If.  on  the  other 
hand,  what  is  called  a  fire-proof  insulation  is  used,  this  maximum 
temperature  may  have  a  value  of  140C.,  although  o|)erating 
engineers  are  not  all  prepared  to  run  machines  as  hot  as  this. 

Let  us  then  compare  two  stators,  one  with  a  rise  of  tem- 

FlG.  81. 


35,000-kw.,  i200-r.p.m.  Curtis][steam  turbine.      The  inner  fans  feed  the  air-gap  from.the  ends 
and  the  outer  fans  feed  it  from  the  centre  of  the  core. 

perature  of  75°  C.  and  the  other  with  a  temperature  rise  of 
100°  C,  which  are  reasonable  figures  if  the  air  is  passed  through 
an  air-washer  and  enters   the  machine   with  a  temperature  of 

25°  c. 

In  the  high-temperature  stator  the  current  density  is  15  per 
cent,  greater,  the  slot  is  15  per  cent,  shallower,  and  the  tempera- 
ture gradient  through  the  insulation  is  ^2  per  cent,  greater  than 
in  the  low-temperature  stator.  The  flux  density  in  the  core  is 
increased  10  per  cent.,  the  duct  surface  is  decreased  10  per  cent., 
the  core  loss  is  increased  20  per  cent.,  and  the  temperature  drop 
at  the  duct  surface   is   increased  32   per  cent.     The   difference 
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between  the  two  stators  is  therefore  thai  ihc  low-temperature 
machine  has  15  per  cent,  more  stator  copper.  10  \)jr  cent,  more 
stator  iron,  smaller  loss,  and  higher  elticiencN .  while  the  rotor 
is  the  same   for  each  machine. 

The  effect  of  desired  voltage  regulation  on  the  output  was 
discussed  in  the  previous  article.  The  maximum  excitation, 
i>ni.  Fig.  69,  is  hxed  in  the  case  of  a  turbo-alternator,  and  the 
regulation  can  be  improved  only  by  a  reduction  in  the  reactance 
drop  (7('  and  in  the  armature  reaction  be,  and  this  can  be  accom- 
plished only  by  a  reduction  in  the  armature  ampere  turns  per  pole 
and  a  corresponding  reduction  in  the  output.  1^'ig.  72  shows  the 
dimensii  ns  of  a  6000-kv.a..  iSoo-r.p.m.  machine  with  a  rotor 
l)uilt  for  a  maximum  temperature  rise  of  100^  C.  with  full-load 
current  at  zero  power  factor  and  for  a  regulation  of  2^  per  cent, 
at  85  per  cent,  power  factor. 

Outputs  greater  than  those  at  present  obtained  from  a  given 
frame  are  possible,  provided  the  regulation  is  still  further  sacri- 
ficed and  the  temperature  rise  further  increased. 

(To  be  continued.) 


Car  Nosing.  S.  A.  Bullock.  {Electric  Raihvay  Journal,  vol, 
50,  Xo.  4,  p.  149,  July  28,  19 1 7.) — Car  nosing,  which  is  horizontal 
oscillation  of  the  car  body  about  instantaneous  axes,  occurs  on  tangent 
track  and  is  usually  negligible  on  curves.  In  passenger  service  a 
slight  amount  of  nosing  is  preferable  to  the  rigid  transverse  shock 
of  non-swinging  bolsters,  but  when  these  oscillations  become  exces- 
sive, nosing  becomes  a  question  of  serious  moment.  The  initial 
cause  of  nosing  is  poor  track;  that  is,  low  joints  and  irregular 
gauge,  which  force  the  wheels  to  slide  horizontally,  producing  a  hori- 
zontal force  at  the  wdieel.  This  horizontal  blow  is  transmitted 
through  the  axle  to  the  various  members  of  the  truck,  and  finally 
to  the  car  body. 

Theory  and  practice  both  prove  that  nosing  is  reduced  with 
long  distances  from  centre  to  centre  of  king-pins  and  with  heavy 
passenger  loads.  Xosing  can  be  minimized  by  the  following  expedi- 
ents:  (i)  Improvement  of  track  conditions  by  levelling  the  low 
joints,  keeping  normal  track  gauge,  and  using  proper  weight  of 
rail.  (2)  Reducing  lateral  play  in  the  transverse  moving  parts  by 
renewal  of  worn  pieces,  and  breaking  up  synchronism  of  the  move- 
ments by  variable  damping  of  the  transverse  nations  in  the  front 
and  rear  trucks.  (3)  Reducing  the  overhang  of  the  car  body  by 
lengthening  the  distance,  centre  to  centre,  of  king-pins  and  reducing 
the  overhang  of  the  motors  by  placing  the  motors  inside  of 
the  wheels. 
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A  Cuprous  Oxide  Photo-chemical  Cell.     'I\  \V.  Case.     (Pro- 

cccdiiu/s  oj  the  Aiiicricaii  !:lcctn)rhc)uical  Society,  May  2-5, 
19' 7-) — ^  large  amount  of  work  lias  been  done  on  cells  that  pro- 
duce an  electromotive  force  on  exposure  to  light.  lU-ccjuerel, 
the  i)ioneer  in  this  field,  and  later  Minchin  and  others,  found  that 
a  large  number  of  combinations  could  be  developed  that  would 
produce  a  current  under  llic  iiilUience  of  ligh.t.  They  worked 
out  in  detail  a  number  of  light-active  cells  consisting  of  silver 
salts  upon  some  metal  plate,  and  in  these  they  observed  certain 
peculiar  reversals  of  current  which  they  were  unable  to  explain. 
These  difficulties  were  later  studied  by  Wildermann.  who  worked 
out  equations  applying  to  the  action  of  photo-chemical  cells, 
starting  with  the  fundamental  conception  "  that  the  chemical 
potential  of  a  substance  in  light  and  dark  is  different,  beccm- 
ing  greater  in  light." 

In  nearly  all  these  ])hoto-chemical  cells  the  output  was  very 
small  (amperes  in  units  of  10  '  and  \olts  in  units  of  lO"*').  This, 
together  with  the  unsatisfactory  action,  the  ultimate  consump- 
tion of  the  elements,  and  the  dif^culty  of  accurate  observation  of 
the  actual  processes  taking  place  due  to  complicated  side  re- 
actions, has  tended  to  check  research  in  this  field.  Since,  however, 
the  more  photo-chemical  reactions  that  are  known,  with  their 
different  modes  of  action,  the  more  chance  we  have  to  under- 
stand the  phenomena,  the  author  has  undertaken  a  search  for 
new  substances  and  combinations  which  shovv-  a  voltage  effect 
in  light. 

A  systematic  search  was  begun  in  the  first  instance  with 
copper  salts.  A  large  number  of  electrolytes  were  found  w^hich 
would  deposit  a  light-active  coating  upon  copper,  probably  due 
to  the  formation  of  a  copper  oxide  or  halide  salt  upon  the  elec- 
trode. A  copper  formate  electrolyte,  containing  free  formic  acid, 
using  highly  polished  copper  electrodes,  was  studied  closely. 
If  one  plate  be  illuminated  and  the  other  kept  dark,  a  current  is 
produced,  the  illuminated  plate  being  anode,  and  developing  an 
electromotive  force  up  to  o.ii  volt.  The  current  finally  drops 
to  zero;  but  if  the  cell  is  rotated,  illuminating  the  previously 
dark  plate,  the  electromotive  force  reappears.  On  continued  rota- 
tion the  electromotive  force  reaches  a  maximum  value.  Below 
a  critical  light  intensity  the  cell  gives  very  little  response. 
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THE    LATENT    HEAT    OF    VAPORIZATION    OF    AMMONIA. 

By  Nathan  S.  Osborne  and  Milton  S.  Van  Dusen. 
[abstract.] 
TiiK  lateiu  heat  oi  vaporization  of  licjuid  ammonia  has  been 
determined  throughout  the  temperature  interval  -42  to  +  52*^  C. 
bv  direct  measurements,  usini^  a  calorimeter  specially  designed 
for  the  particular  problem.  This  instrument  is  of  the  aneroid 
or  unstirred  type,  the  ammonia  being  the  only  liquid  in  the  calor- 
imeter. Heat  developed  and  measured  electrically  in  a  coil  is 
transmitted  by  conduction  and  convection  to  the  ammonia,  and  is 
expended  in  the  evaporation  of  a  determined  amount  which  is 
withdrawn  as  superheated  vapor.  Accessory  data  from  other 
sources  are  required  only  in  the  computation  of  small  correction 
terms.  The  results  are  expressed  by  an  empirical  equation  and  a 
table  of  values  given  for  every  degree  from  -45  C.  to  +  55°  C. 
By  combining  the  data  for  the  heat  of  vaporization  with  the 
data  for  specific  heat  of  the  saturated  liquid  from  a  previous  in- 
vestigation, the  specific  heat  of  saturated  ammonia  vapor  is  ob- 
tained and  a  table  of  values  of  this  quantity  is  given  in  an 
appendix. 


MAGNESIA  IN  PORTLAND  CEMENT. 

[abstract.] 

Ix  order  to  determine  what  new  constituents  are  produced 
in  Portland  cement,  when  the  magnesia  content  is  raised  con- 
siderably above  that  permitted  by  present  standard  specifications, 
and  in  order  further  to  determine  what  effect  these  new  constitu- 
ents would  have  upon  the  physical  properties  of  the  material,  a 
number  of  cements  were  burned  in  the  rotary  kiln  of  the  Bureau. 
In  these  the  magnesia  content  varied  from  1.7  per  cent,  to  25.5 
per  cent.  In  all  18  different  cements  were  produced  in  two  series 
of  nine  burnings  each.  In  both  series  the  compositions  were 
those  of  normal  cement,  excepting  the  magnesia  content  only. 

*  Communicated  by  the  Director. 
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But  in  one  case  the  silica  content  was  somewhat  higher  and  the 
ahiniina  content  somewhat  lower  than  in  the  other  case. 

As  raw  materials,  clay,  kaolin,  feldspar,  limestone,  and  d(jlo- 
mite  were  used.  In  the  one  series,  the  cement  of  lowest  mag- 
nesia content  was  made  of  a  raw  mix  containing  limestone, 
clay,  and  a  small  amount  of  feldspar,  the  latter  being  added  to 
increase  the  silica-alumina  ratio  over  that  obtainable  with  clay 
and  limestone  alone.  The  magnesia  in  the  other  burns  of  this 
series  was  increased  by  replacing  the  limestone  with  dolomite. 
In  the  second  series  the  raw  mixes  were  composed  of  clay,  lime- 
stone, and  a  small  amount  of  kaolin,  the  latter  being  used  to 
decrease  the  silica-alumina  ratio  over  that  obtainable  with  the 
clay  alone.  Jn  this  series,  also,  increasing  amounts  of  limestone 
were  replaced  with  dolomite,  until  dolomite  alone  was  used. 

The  deportment  of  the  high  magnesia  cements  in  the  kiln 
was  very  characteristic.  There  was  a  reduction  of  the  clinkering 
temperature  with  increasing  magnesia  content,  though  to  produce 
satisfactory  clinker  this  was  not  as  marked  as  expected.  But  to 
prevent  the  dusting  of  the  clinker  of  the  higher  magnesia  content 
cements  it  was  necessary  to  overburn  to  a  very  hard,  vitreous 
mass.  This  mass  in  the  kiln  was  about  of  the  consistency  of 
putty,  and  as  a  result  there  was  a  decided  tendency  to  form 
''  logs  "  and  "  rings."  The  clinker  was  also  of  a  reddish-brown 
color,  which  gave  a  decided  brownish  tinge  to  the  ground  cement. 
A  microscopical  examination  of  the  clinker  showed  that  in- 
creasing amounts  of  magnesia  produced  an  increasing  size  of 
crystals  and  granularity.  When  the  magnesia  exceeded  8  per 
cent.,  a  constituent  (monticellite)  not  present  in  normal  cement 
was  noted.  \\'hen  the  magnesia  was  still  further  increased  to 
an  amount  exceeding  lo  per  cent.,  another  constituent — spinel — 
not  present  in  normal  cement,  was  also  noted.  It  was  also 
noted  that  those  constituents — tricalcium  silicate  and  tricalcium 
aluminate — which  produced  quick  setting  and  early  strength, 
were  not  materially  decreased  by  the  appearance  of  the  new'  con- 
stituents ;  whereas,  the  orthosilicate  of  lime,  which  produces  the 
later  hardening  and  modifies  the  early  setting  of  the  other  con- 
stituents, was  decidedly  decreased  in  amounts. 

The  effect  of  the  higher  magnesia,  when  not  exceeding  8  per 
cent.,  was  not  very  noticeable  in  any  of  the  physical  properties. 
Higher  amounts  produced  a  quick  initial  set  and  an  apparent  slow 
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final  set.  The  strenj^th  both  in  tension  and  compression  of  neat 
and  mortar  si)ecimens,  and  of  concrete  specimens  in  compression, 
when  8  per  cent,  was  not  exceeded,  was  very  C()m])arablc  witli 
the  strengths  prothiced  l)y  cements  of  normal  maj^nesia  content. 
Above  the.se  amonnts  the  early  stren<;ths  were  less,  but  showed  a 
consistent  gain  with  age. 

Specimens  are  still  available   for  examination  and  breaki'ng 
at  later  periods  than  those  reported  in  this  paper. 


THE  EFFECT   OF  HEAT  ON  CELLULOID  AND   SIMILAR 

MATERIALS. 

By  H.  N.  Stokes  and  H.  C.  P.  Weber. 

[abstract.] 

When  thoroughly  cleansed  cotton  is  immersed  in  a  mixture 
of  sulphuric  and  nitric  acids,  more  or  less  of  the  latter  acid 
combines  with  the  cotton  (cellulose),  the  amount  depending  ui)on 
the  strength  of  the  acid  and  on  how  long  it  is  allowed  to  act. 
The  most  highly  nitrated  product  is  gun-cotton,  the  less  nitrated 
being  commonly  known  as  pyroxylin,  soluble  cotton,  etc.  Pyroxy- 
lin, when  dissolved  in  a  suitable  liquid,  forms  collodion.  Mixed 
with  camphor  or  similar  substances,  it  yields  the  product  popu- 
larly known  as  '*  celluloid,"  though  legally  this  word  should  be 
applied  only  to  material  manufactured  by  one  American  company. 
The  term  pyroxylin  plastics  is  of  wider  applical^ility. 

Gun-cotton  would  be  worthless  if  it  did  not  break  down  or 
decompose  with  explosive  violence,  and  the  question  naturally 
arises.  To  what  degree  do  the  closely  related  pyroxylin  plastics 
share  this  instability?  It  is  well  known  that  they  are  readily 
ignited  and  burn  rapidly.  Evidence  as  to  their  explosiveness 
is  contradictory,  and  instances  of  supposed  spontaneous  ignition 
have  been  published  from  time  to  time.  The  work  described  in 
this  paper  was  done  in  the  attempt  to  settle  some  of  the  questions 
involved. 

\\'eighed  samples,  wrapped  in  tissue  paper,  w^ere  kept  at  vari- 
ous temperatures  and  afterwards  reweighed  and  examined.  It 
was  found  that  even  at  the  l^oiling-point  of  water  there  was  con- 
siderable loss  in  weight,  and  some  of  the  samples  swelled  up  and 
formed  brittle,  spongy  masses,  while  the  wTappings  were  partially 
charred.  When  other  samples,  unwrapped,  were  heated  to  I3'5^  C. 
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(275°  1'.),  many  of  llicm  ignited  or  exploded  in  less  than  two 
hours.  At  llie  same  lime,  considerable  \olnmes  of  conil)nsti1)le 
and  ])()is()nous  lipases  were  .i^ixen  off. 

Still  other  heating  experiments  showed  that  samples  of  cellu- 
loid were  more  liable  to  i^^nite  or  explode — in  (jther  words,  were 
less  stable — than  parlor  and  safety  matches,  black  gunpowder, 
and  two  grades  of  smokeless  powder. 

Thin  strips  of  celluloid  burned  many  times  as  rapidly  as 
paper  or  strips  of  wood  of  the  same  width  and  thickness.  Sticks 
of  wood  13  millimetres  (y?  inch)  square  would  not  continue  to 
burn  when  lighted,  but  celluloid  sticks  of  the  same  size  burned 
almost  as  rapidly  as  the  thin  strips. 

Although  the  results  of  the  experiments  show  that  celluloid 
is  a  highly  int1ammal)le  and  even  explosive  substance,  the  Bureau 
of  Standards  disclaims  any  wish  or  intention  to  discourage  the 
use  of  this  material.  It  can  only  inform  the  public  of  the  neces- 
sity for  reasonable  carefulness  in  using  and  handling  it. 


TESTS  OF  LARGE  BRIDGE  COLUMNS.' 

By  J.  H.  Griffith  and  J.  G.  Bragg. 

[abstract.] 
The  investigation  gives  a  comparative  analysis  of  the  experi- 
mental data  found  upon  18  large  bridge  columns  when  they  were 
tested  in  the  10,000,000-pound  testing  machine.  The  action  of 
each  column  as  a  whole  was  studied  in  a  range  of  loadings  taken 
to  destruction  of  the  members.  Numerous  ol)servations  were 
made  tO'  determine  the  behavior  of  lattice  bars,  pin  plates,  dia- 
phragms, etc.  The  causes  and  effects  of  initial  strain  from 
riveting  and   fabrication  were  discussed. 

GAS  MANTLE  LIGHTING  CONDITIONS  IN  TEN  LARGE 
CITIES  IN  THE  UNITED  STATES.' 

By  R.  S.  McBride  and  C.  E.  Reinicker. 

[abstract.] 

From  a  careful  inspection  of  about  4500  gas  mantle  lamps 
in  service  in  ten  cities  a  summary  of  the  condition  of  mantles, 
glassv^are,  pilot  light,  and  other  particulars  was  made  in  order 

^Technologic  Paper  No.  loi. 
"  Technologic  Paper  No.  99. 
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to  clotemuiR"  lo  wliai  extent  tlu-  cnstoiiUT  iK'iicfitcd  through 
poriochc  niaintcnancc  sci"\  ice. 

1))'  these  ol)servations  it  is  found  ihat  a  lamp  not  on  regular 
uKiintenance  is  likely  to  be  defective  5 '  j  times  as  frequently  as 
a  lanij)  which  is  regularly  maintained.  Also,  it  is  shown  that. 
on  the  average,  one  in  three  of  the  lamps  on  regular  maintenance 
was  not  in  good  condition,  whereas  the  defects  noticed  in  the 
lamps  not  sc^  maintained  average  more  than  one  for  every  lamp. 

The  principal  defects  in  maintenance  systems  were  also  in- 
vestigated, and  one  satisfactory  system  of  estimating  the  expenses 
for  maintenance  work,  together  v^ith  a  set  of  unit  costs,  is  pre- 
sented, based  upon  the  analysis  of  the  operation  of  ten  gas  com- 
panies.    A  suggested  table  of  costs  for  eacli  type  of  unit  is  given. 


PAINT  AND  VARNISH.' 

[abstract.] 
This  pubHcation  is  intended  to  give,  without  unnecessary  de- 
tail, information  which  should  be  of  value  to  those  interested  in 
the  use  of  paint  and  varnish.  After  a  general  discussion  and 
classification  of  paints  and  varnishes  and  an  explanation  of  the 
process  of  "  drying,"  the  raw'  materials,  includmg  oils,  driers, 
thinners,  resins,  and  pigments  that  enter  into  the  composition 
of  paint  or  varnish,  are  individually  described.  The  methods 
of  manufacture  and  of  testing  varnishes  are  presented,  ready- 
mixed  or  prepared  paints  are  discussed,  and  somewhat  detailed 
instructions  on  mixing  paints  and  stains,  on  color  blending,  and 
on  the  application  of  paint  and  varnish  to  various  surfaces  are 
given.  Specifications  in  common  use  for  many  of  the  materials 
treated  and  a  glossary  of  painters'  terms  also  appear. 

RULES  AND  REGULATIONS  PROMULGATED  UNDER  AUTHOR- 
ITY OF  THE  FEDERAL  STANDARD  BARREL  LAW.' 

[abstract.] 

Section  3  of  the  Federal  Standard  Barrel  Law  (38  Stat., 
ch.  158,  p.  1 186:    63d  Cong.)  reads  in  part  as  follows: 

*'  Sec.  3.  That  reasonable  variations  shall  be  permitted  and 
tolerances   shall  be   established   by  rules   and   regulations  made 

*  Circular  No.  69. 

*  Circular  Xo.  71. 
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by  tlie  Director  of  the   l>ureau  of   Standards  and  ai)])rovcd  1)y 
the  Secretary  of  Commerce.  .    .    ,  " 

This  circular  contains  the  rules  and  regulations  which  are 
authorized  hy  (|uoted  part  of  the  above  law.  The  text  of  the  law 
is  included  as  an  appendix  to  the  publication. 

MATERIALS  FOR  THE  HOUSEHOLD."^^ 

[AltSTRACT.J 

l)i:srKii?i:s  the  more  common  materials  used  by  the  house- 
hold, comprising  paint  materials,  cement,  clay  products,  lime, 
plasters,  and  stucco,  wood,  metals,  bituminous  roofing,  inks  and 
dyes,  adhesives,  paper,  textiles,  rubber,  leather,  cleansers  and 
preservatives,  fuels,  illuminants,  lubricants  and  a  concluding  chap- 
ter on  quantity  in  the  purchasing  of  materials.  Each  title  is 
treated  under  the  general  heads  of  composition  and  definition, 
sources,  properties,  uses,  tests,  preservation,  hints  as  to  selection 
and  use,  and  references. 


COMBINED  TABLE  OF  SIZES  IN  THE  PRINCIPAL 
WIRE   GAUGES." 

[abstract,] 
A  TABLE  coml)ining  in  one  series  the  sizes  in  the  American 
(B.  and  S.),  Steel,  Birmingham  (Stubbs's),  British  Standard, 
and  Metric  Wire  Gauges,  arranged  in  order  of  diameters  of 
wires.  It  gives  the  diameters  of  all  the  gauge  numbers  in  these 
five  systems  in  mils,  inches,  and  millimetres,  also  the  cross-sec- 
tions in  square  mils,  circular  mils,  square  inches,  and  square  milli- 
metres. The  table  is  specially  useful  to  manufacturers  who  wish 
to  determine  the  nearest  equivalent  in  American  or  British  gauge 
sizes  of  wires  specified  in  millimetres  or  square  millimetres,  or 
vice  versa. 


THE  DETERMINATION  OF  ABSOLUTE  VISCOSITY  BY 

SHORT-TUBE   VISCOSIMETERS.' 

By  Winslow  H.  Herschel. 

[abstract.] 
The  Engler  and  the  Saybolt  Universal  viscosimeters,  which 
are  the  instruments  usually  employed  in  the  oil  trade,  have  such 
short  outlet  tubes  that  the  equation  for  the  flow  through  long 

^  Circular  No.  68. 
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capillary  tubes  is  not  applicable  without  correction  factors.  The 
literature  has  been  carefully  reviewed  and  further  experimental 
work  has  been  done.  The  conclusion  is  reached  that  water  is 
not  a  suitable  li(|uid  for  use  in  finding-  the  relation  between  vis- 
cosity and  time  of  discharge  for  short-tul>e  viscosimeters,  and 
that  I'bbelohde's  equation,  and  all  others  based  upcjn  it,  are  seri- 
ousK-  in  error. 


Speed  Control  and  Stopping  Devices.  Anon.  (Safety  Stand- 
ards of  the  Industrial  lioard,  Pennsylvania  Department  of  Labor 
and  Industry,  Electric  Code,  vol.  i,  No.  21,  p.  59.) — The  imj)ortance 
of  automatic  speed-limiting  devices  for  certain  types  of  prime 
movers  is  becoming  better  realized.  ]\Iore  cases  of  rotating  parts 
failing  by  overspeed  occur  than  of  boiler  explosions,  which  are  so 
seriously  regarded.  With  steam  turbines  and  belted  water  turbines 
such  limiting  devices  are  particularly  needed.  Even  reciprocating 
engines  are  frequently  fitted  with  extra  valves  and  independent 
speed-limiting  mechanisms.  Water  turbines  in  many  cases  have 
deflecting  nozzles  or  vanes,  usually  operated  by  the  governor,  which 
serve  to  prevent  overspeed.  Generators  driven  by  prime  movers  carry 
a  load  which  may  become  nearly  zero  by  the  opening  of  automatic 
cut-outs.  The  speed-limit  device  may  therefore  need  to  be  very  quick 
acting,  and  yet,  in  cutting  off  the  steam  or  water  supply  from  the 
engine  or  turbine,  must  not  cause  any  damage  to  the  feeder  piping. 

Separately  excited,  direct-current  motors  are  particularly  liable 
to  **  run  away,"  since  their  field  excitation  current  may  be  greatly 
reduced,  while  the  armature  current  still  is  maintained.  To  a 
less  degree  series  motors,  motor  generators  operating  in  parallel, 
or  feeding  storage  batteries,  and  rotary  converters  are  also  subject 
to  ''  runaways."  Wliere  directly  connected  to  mechanical  load,  dan- 
gerous overspeed  is  not  likely  to  occur,  but  where  belt  connected  or 
having  only  a  generator  load,  which  may  be  readily  lost  by  the 
opening  or  automatic  cut-outs,  the  danger  of  overspeeding  is  con- 
siderable. Centrifugal  devices  which  at  high  speeds  actuate  trip 
devices  for  opening  the  source  of  energy  supply  are  most  often 
utilized  as  means  of  protection  against  such  a  contingency. 

With  direct-current  motors  having  speed  adjustment  through 
field  control,  dangerously  weak  fields  must  be  avoided,  since  exces- 
sive speed  may  result  from  this  cause,  especially  when  the  load  is 
belt  connected  to  the  motor  or  consists  of  generators.  Release  coils, 
whether  placed  on  starting  rheostats  or  otherwise,  in  which  the  field 
circuit  passes  through  the  coil,  are  among  useful  means  for  pre- 
venting the  dangerous  weakening  of  fields  during  operation.  In 
some  cases  centrifugal  speed-limiting  devices  are  installed. 
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Provision  of  more  than  one  manual  control  device  is  often  desir- 
able for  sloi)i)inj^  ])rime  movers  or  motors,  since  in  emergencies 
this  may  save  valuable  time,  esjjecially  where  the  equipment  is  of 
considerable  extent  and  much  distance  miji^ht  have  to  be  traversed 
in  order  to  reach  a  single  point  of  control.  Throuj^h  the  use  of  relay 
control  circuits  a  siui^le  valve  or  main  switch  can  readily  be  operated 
from   several    points. 

The  relative  importance  of  electrical  circuits  controlling  stopping 
devices,  to.c^ether  with  the  natural  frailty  of  the  comparatively  small 
conductors  employed,  makes  the  use  of  conduit  or  other  mechanical 
protection  essential  to  assure  reliability. 

The  use  of  closed  circuits  assures  that  any  chance  open  circuit 
will  immediately  give  evidence  of  its  existence  through  lamps  or 
bells  connected  in  the  circuit.  With  open  circuits  a  break  in  the 
circuit  may  not  be  discovered  until  in  an  emergency  the  control 
may  be  found  inoperative.  Where,  as  with  motor-operated  switches 
or  valves,  the  control  circuits  must  be  normally  open,  it  will  be 
necessary  to  depend  on  the  mechanical  protection  of  the  circuit  for 
its  maintenance  in  operative  condition. 

Coke  from  Peat.  Anon.  {La  Chronique  Industrielle,  vol.  40, 
No.  295,  p.  7,  June  20,  191 7.) — The  Peat,  Coal,  and  Oil  Syndicate 
of  Doncaster,  Yorkshire,  is  developing  a  new  method  for  treating 
a  special  variety  of  dry  black  peat  and  converting  it  into  a  hard 
foundry  coke,  the  by-products  being  tar  and  tarry  liquids  from 
which  automobile  oils  can  be  obtained  by  distillation.  It  is  not 
claimed  that  all  varieties  of  peat  can  be  profitably  used,  but  it  is 
said  that  hundreds  of  acres  containing  millions  of  tons  of  peat  can 
be  commercially  utilized  by  this  process. 

The  black  layer  at  the  bottom  of  the  bog  is  most  suitable  for  the 
manufacture  of  coke.  This  material  is  freed  of  its  excess  of  water 
and  subjected  to  a  carbonizing  process  by  means  of  which  by- 
products are  recovered,  the  residue  being  a  soft  and  friable  coke. 
Notwithstanding-  that  peat  coke  has  lower  sulphur  content  than 
any  other  combustible,  up  to  this  time  its  insufficient  hardness  has 
been  an  obstacle  to  its  application  in  blast-furnace  operation.  This 
fault,  it  is  claimed,  is  now  overcome,  and  a  hard,  strong,  and  pure 
coke  is  now  obtained.  A  German  chemist  has  proved  by  analysis 
that  1000  tons  of  air-dried  peat  will  produce  400  tons  of  coke,  40 
tons  of  tar,  and  400  tons  of  tarry  Hquids.  The  tar  can  be  further 
distilled  to  yield  18  tons  of  crude  oil,  two  tons  of  creosote,  two 
tons  of  pitch,  and  eight  tons  of  paraffin.  The  tarry  liquids  will 
yield  four  tons  of  sulphate  of  ammonium,  six  tons  of  acetate  of 
lime,  and  two  tons  methyl  alcohol.  It  is  estimated  that  there  will 
be  a  profit  of  90  c.  (centimes?)  on  every  ton  of  peat  so  treated. 


NOTES    FROM    THE    RESEARCH    LABORATORY, 
EASTMAN  KODAK  COMPANY.^ 


THE  PRODUCTION  OF  SEPIA  TONES  BY  DIRECT 
DEVELOPMENT/ 

By  Adolph  Nietz  and  Kenneth  Huse. 
[abstract.] 

It  is  well  known  that  slow  developing-out  photographic  papers 
will  give  warm  tones  if  overexposed  and  developed  with  a  strongly 
restrained  developer.  Observations  recorded  in  this  paper  were 
made  in  order  to  find  the  best  conditions  for  producing  sepia  tones 
by  this  method. 

The  process  is  attended  by  uncertainties  and  is  not  by  any 
means  easy,  but  with  great  care  in  manipulation  excellent  sepia 
prints  can  be  obtained  with  some  subjects.  The  tone  depends 
only  upon  the  time  of  development,  and  with  this  time  fixed 
good  reproduction  of  tone  can  be  secured,  the  exposure  then 
being  adjusted  to  get  the  necessary  depth  of  print.  For  obtaining 
good  sepia  tones  corresponding  to  the  sepia  water-color  manu- 
factured by  Winsor  «&  Xewton,  and  free  from  the  objectionable 
smokiness  in  the  shadows,  this  process  is  particularly  suitable. 
Since  in  development  the  print  starts  as  a  red-brown  and  passes 
through  brown,  sepia-olive,  sepia,  and  olive,  any  of  these  tones 
can  be  obtained  under  given  conditions. 

Artura  chloride  is  the  only  paper  with  which  the  writers 
could  obtain  satisfactorv  results,  and  it  is  to  be  understood  that 
all  subsequent  statements  imply  the  use  of  this  material. 

The  most  satisfactory  developing  agent  was  found  to  be 
chlorhydroquinone.  Elon,  hydroquinone,  and  other  substituted 
hydroquinones  were  investigated,  but  chlorhydroquinone  has  the 
necessary  properties  for  use  as  a  restrained  developer — proper 
sensitiveness  to  restraining  agents,  freedom  from  fog  and  stain- 
ins^,  and  stabilitv. 


*  Communicated  by  the  Director. 

^  Communication  Xo.  iz  from  the  Research  Laboratory  of  the  East- 
man Kodak  Company,  pubHshed  in  British  Journal  of  Photography  and 
American  Photography. 
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The  l)cst  working  formiihi  was  found  to  be 

Chlorhydroqiiinonc     5  gm. 

Sodium   sulphite    30  gm. 

Sodium    carbonate    16  gm. 

Potassium   bromide    6  gm. 

Potassium   metabisulphite    6  gm. 

Water    to  loco  c.c. 

With  this  as  a  basis,  a  systematic  series  of  experiments  on 
the  effect  of  each  constituent  was  carried  out.  The  principal 
fact  brought  out  was  the  necessity  of  securing  a  proper  balance 
between  the  concentration  of  potassium  bromide  and  that  of  the 
potassium  metabisulphite. 

That  the  tone  is  dependent  only  on  the  time  of  development 
was  indicated  by  the  manner  in  which  the  print  changed  continu- 
ously in  color  while  in  the  developer,  as  already  stated.  Any  of 
the  colors  can  be  obtained  by  stopping  development  at  the  proper 
time.  As  the  prints  change  color  in  the  fixing  bath  and  again 
on  drying,  judgment  of  tone  should  be  based  entirely  on  the 
appearance  of  the  finished  print.  By  developing  test-strips  for 
different  known  lengths  of  time,  the  correct  time  of  develop- 
ment for  any  desired  tone  is  determined. 

The  exposure  being  excessive  (about  75  to  100  times  normal), 
the  use  of  nitrogen-filled  tungsten  lamps  or  other  powerful  light 
sources  is  recommended.  When  correctly  exposed,  the  image 
is  slightly  printed  out. 

Since  the  process  tends  to  shorten  the  scale  of  the  paper  by 
increasing  the  contrast,  the  range  of  negatives  suitable  is  more 
limited  than  for  ordinary  reproduction.  With  soft  portrait  nega- 
tives of  a  certain  type,  good  prints  may  be  obtained  using  such 
tones  as  olive-sepia  or  decided  olive,  but  another  class  of  work 
for  which  this  process  is  perhaps  best  adapted  is  the  reproduction 
of  paintings  and  etchings.  A  rich  etching-sepia  is  readily  secured 
in  the  latter  case. 

The  image  is  not  due  to  any  oxidation  product,  but  consists 
of  silver,  and  the  color  depends  on  the  state  of  division.  For 
this  reason  prints  made  by  this  method  are  permanent. 

Specific  directions  for  working  the  process  are  given  in  the 
full  paper  to  which  reference  has  been  made. 


NOTES    FROM    THE    RESEARCH    LABORATORY,    GEN- 
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THE   SHAPES    OF   GROUP    MOLECULES    FORMING   THE 
SURFACES   OF   LIQUIDS. 

By    Irving    Langmuir. 

This  i)aper  outlines  the  author's  the(jry  of  the  shapes  of  group 
molecules,  particularly  of  organic  compounds,  and  gives  the  prin- 
ciples and  results  of  his  measurements  of  cross-sections  and  lengths 
of  molecules. 

In  accordance  with  the  theory  of  adsorption  and  surface  ten- 
sion earlier  stated.-  as  well  as  considerable  experimental  evidence, 
adsorbed  hlms  on  plane  surfaces  of  solids  or  liquids  should  be, 
in  general,  one  atom  or  group  molecule  thick. 

When  an  oil  is  placed  upon  water  the  COO  groups  combine 
by  their  secondar\-  valences  with  the  surface  of  the  water,  while 
the  hydrocarbon  chains  remain  combined  with  each  other.  Spread- 
ing continues  until  all  available  COO  groups  have  come  in  con- 
tact with  the  water,  and  then  ceases.  The  hydrocarbon  chains 
then  extend  above  the  water  away  from  the  COO  groups  on  the 
surface,  and  their  dimensions  may  be  measured  from  the  weight 
of  oil.  area  which  it  covers,  density,  and  molecular  weight.  The 
values  for  fifteen  different  organic  compounds  are  given.  The 
cross-sections  vary  from  21  x  lO"^^  sq.  cm.  to  280  x  io~^^  sq.  cm., 
and  the  lengths  from  ^.y  x  lo"^  to  44.0  x  io~*  cm. 

The  bearing  of  the  data  upon  the  position  of  various  radicals 
is  discussed. 

The  theory  is  supported  both  by  Gibbs's  method  of  calculating 
the  material  adsorbed  in  the  surface  of  a  liquid  from  the  change 
of  surface  tension,  and  still  more  conclusively  by  Szyszkowski's 
measurement  of  surface  tension  for  certain  organic  acids,  which 
last  indicate  that  in  each  case  the  same  number  of  molecules  are 
adsorbed  in  the  surface  layer. 

*  Communicated  by  the  Director. 

'^Proceedings  of  the  National  Academy  of  Sciences,  3,  251-257   (1917). 

'Langmuir.  /.  Amcr.  Chem.  Soc,  38,  2221-2295    (1916). 
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The  article  is  already  so  condensed  that  anything  in  the  form 
of  an  abstract  omits  material  of  significance.  A  more  extended 
treatment  will  probably  be  soon  published  in  the  Journal  of  the 
American  CJicmical  Society. 


TUNGSTEN  ELECTRODE  LOSS  IN  THE  HYDROGEN  ARC 
By  G.  M.  J.  Mackay  and  C.  V.  Ferguson. 

A  2-MM.  arc  was  run  for  1.265  niinutes  in  a  12-cm.  spherical 
bull)  containing  300  mm.  pressure  of  hydrogen.  The  character- 
istics were : 

Initial     201  volts,   1.40  amperes 

Final  245  volts,   1.40  amperes 

The  temperature  of  the  faces  of  the  electrodes  was  31 12'  K. 
for  the  cathode  and  3151°  K.  for  the  anode.  The  cathode  gained 
75  per  cent,  of  the  loss  in  weight  of  the  anode,  and  the  rate  of 
loss  of  the  latter  was  not  appreciably  greater  than  would  occur 
from  the  normal  evaporation  of  the  metal  due  to  its  temperature 
alone.  The  metal  leaving  the  anode  becomes  positively  charged 
and  migrates  to  the  cathode.  The  number  of  atoms  carried  for 
each  unit  charge  is  about  io~^ 


THE   CRYSTAL   STRUCTURE   OF   ALUMINUM   AND   SILICON.' 

By  Albert  W.  Hull. 

The  crystal  structure  of  aluminum  and  silicon  has  been  deter- 
mined by  passing  a  narrow  beam  of  monochromatic  X-rays  from 
a  Coolidge  tube  with  molybdenum  target  through  a  continuously 
rotated  tube  of  the  finely  powdered  metal  and  photographing  the 
diffraction  images  of  the  slit.  The  positions  and  intensities  of  the 
lines  in  the  photograph  are  compared  with  the  theoretical  values 
for  different  possible  arrangements  of  atoms  until  an  arrangement 
is  found  which  represents  completely  the  observed  lines. 

A  tabulation  of  the  lines  observed  and  the  corresponding  spac- 
ing, calculated  from  the  angle  of  the  line  and  the  w^ave-length,  the 
theoretical  spacing  of  the  assumed  lattice,  and  the  index  of  the 
plane  producing  each  line,  is  given. 

Aluminum,  which  has  usually  been  considered  to  belong  to  the 

^Physical  Review,  9,  573,  574   (iQi?)- 
*Tbid.,9,  564-566  (1917). 
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isometric  system,  is  shown  to  he  tetragonal.  The  nnil  of  structure 
is  a  centred  rectangular  prism,  with  a  scjuare  base  of  2.85  A.,  side 
and  height  4.05  A.,  with  an  atom  at  each  corner  and  one  in  the 
centre  of  the  prism,      l  he  atoms  \K'r  unit  parallelopiped  are  2. 

Silicon  has  a  lattice  identical  with  that  of  the  <liamond,  two 
face-centred  lattices  intermeshed,  the  one  Ixmuj^  displaced  with 
reference  to  the  other  alon^r  a  cube  diagonal  a  distance  of  one- 
fourth  the  length  of  the  diagonal.  The  side  of  the  cul>e  is  5.43  A., 
compared  with  3.56  A.  for  diamond,  and  the  distance  Ix^tween 
nearest  adjacent  atoms  is  2.35  A.,  compared  with  1.54  A.  for 
diamond.     'Jlie  number  of  atoms  per  unit  cube  is  8. 


THE  EFFECT  OF  X-RAYS   ON  THE  LENGTH   OF   LIFE 
OF  TRIBOLIUM   CONFUSUM. 

By  Wheeler  P.  Davey. 

The  action  of  X-rays  upon  the  flour  weevil  (TriboliiDii  con- 
fusiim)  has  been  studied  with  extreme  accuracy  of  measurement, 
and  control  of  other  factors  which  might  impair  the  accuracy  of 
the  observations.  Probability  curves  have  been  plotted  from  the 
data  in  order  to  determine  the  idiosyncrasy  of  the  organism. 

X-rays  above  a  certain  threshold  dose  cause  premature  death 
after  a  latent  interval  whose  duration  is  given  by  Y  =  A-B  log  X 
w^here  Y  is  the  length  of  the  latent  interval  and  A^  is  the  X-ray 
dose  in  terms  of  electrical  input  of  tube,  anti-cathode  material, 
etc.  The  dose  was  varied  by  length  of  exposure,  voltage  current 
and  distance  being  held  constant. 

The  threshold  dose  with  a  standard  Coolidge  tube  operating  on 
sine-wave  voltage  without  filters  is  500  milliampere-minutes  at 
25  cm.  distance  at  50  kilovolts. 

The  influence  of  w'ave-length  and  of  sterilizing  effect  of  doses 
below  the  lethal  dose  is  being  studied. 


THE  CRYSTAL  STRUCTURE  OF  IRON.'' 
By  A.  W.  Hull. 

The  analysis  was  made  first  on  a  single  crystal,  6  mm.  square 
and  2  mm.  thick,  of  steel  containing  about  3.5  per  cent,  of  Si  and 
practically  no  carbon,  and  then  on  pure  iron  powder.    The  K  lines 

'Physical  Review,  9,  557.  558  (1917)- 
'Ibid.,  9,  84-87   (1917). 
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appeared  very  clearly  at  110,000  volts,  and  their  distance  from 
the  centre  of  the  beam  could  be  measured.  Comparison  with  an 
assumed  structure  of  atoms  arranged  in  a  centred  cubic  lattice, 
with  the  scattering  electrons  in  each  atom  concentrated  at  its  centre, 
failed  to  account  for  all  the  lines.  Displacement  of  all  the  elec- 
trons from  the  centre  along  the  cube  diagonals  in  four  groups 
of  2,  8,  8,  8,  at  distances  V.-jg,  Vir>»  Vs,  and  }i  respectively  of  the 
distance  tO'  the  nearest  atom,  makes  it  possible  to  account  for  all 
the  observed  facts  within  the  limit  of  the  experimental  error. 

Although  but  a  rough  approximation,  the  excellent  agreement 
indicates  that  this  is  a  step  in  the  right  direction.  Iron  is  given 
its  correct  valence  thereby. 


THE  EFFECT  OF  X-RAYS  ON  THE  LENGTH   OF  LIFE 
OF  TRIBOLIUM   CONFUSUM.' 

By  Wheeler  P.  Davey. 

This  is  a  detailed  account  of  the  work  briefly  described  in  the 
Physical  Review,  9,  557,  558  (191 7).  A  short  review  of  the 
literature  of  the  effects  of  X-rays  on  various  forms  of  animal  life 
is  given. 

The  characteristics  of  Triholiinn  confusum,  and  the  methods 
of  manipulation  employed  to  eliminate  sources  of  error  and  the 
individual  idiosyncrasy  of  the  beetles  are  described  in  full. 

A  dose  of  15,000  •  -  at  50  kilovolts  killed  all  beetles  dur- 
ing administration.  Doses  less  than  500  ^  '  at  50  kilovolts 
were  not  fatal  to  all  the  beetles. 


THE   PLIOTRON    OSCILLATOR   FOR   THE   PRODUCTION    OF 

LARGE   CURRENTS    OR    HIGH    POTENTIAL   AT 

HIGH  FREQUENCIES.* 

By  William  C.  White. 

The  use  of  a  pliotron  of  the  same  type  of  design  as  that 
recently  described  ^  as  a  sort  of  converter  to  supply  alternating- 
current  energy  from  a  direct-current  source  is  described. 

''General  Electric  Reznew,  20,  174-182    (1917)- 
^Ibid.,  20,  635-637  (1917). 
""Ibid.,  19,  771  (1917) 
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The  principles  and  connections  of  arrangements  of  pliotrons 
for  (I  )  the  prinhiction  of  relatively  large  current  and  (2)  for 
the  production  oi  relatively  high  voltage.  Ujth  involving  ainmuits 
of  energy  of  the  order  of  150  volts  or  less,  are  given. 

A  diagram  is  shown  ( i )  to  produce  currents  of  from  10  to 
25  amperes  from  one  tube  at  frequencies  l>et\veen  100,000  and 
1,000,000  cycles,  for  such  uses  as  calibrating  a  hot-wire  ammeter 
by  direct  comparison  with  a  standard. 

The  nearly  reverse  conditions  for  (2)  are  also  describes!  and 
shown.  Both  arrangements  can  be  operated  from  a  direct-current 
source  betwen  200  and  750  volts,  and  at  100,000  cycles  a  voltage 
of  120,000  may  be  obtained  from  one  pliotron  tube  operating 
from  a  500-volt,  direct-current  source.  For  higher  voltages  tubes 
may  be  operated  in  parallel. 


RONTGEN  RAYS  FROM  SOURCES  OTHER  THAN  THE  FOCAL 

SPOT   IN    TUBES    OF   THE    PURE    ELECTRON 

DISCHARGE   TYPE." 

By  W.  D.  Coolidge  and  C.  N.  Moore. 

This  paper  is  a  detailed  study  by  means  of  the  pinhole 
camera  of  the  amount  and  distribution  in  the  CooHdge  X-ray 
tube  of  radiations  that  might  tend  to  blur  the  rontgenogram. 
Illustrations  show  the  relative  intensity  of  the  X-rays  given  off 
from  different  parts  of  the  target,  the  eft'ect  of  size  of  bulb  and 
of  increase  of  voltage,  and  the  efficacy  of  various  hooding  and 
other  devices  for  intercepting  such  radiations.  Test  pictures  made 
under  comparable  conditions,  with  and  without  the  use  of  such 
devices,  are  given. 

The  conclusion  reached  is  that  with  the  present  technique  it  is 
not  possible  for  even  skilled  rontgenologists  to  distinguish  be- 
tween the  pictures  taken  without  and  those  taken  with  such  shield- 
ing devices.  While  the  presence  of  X-rays  emanating  from  other 
parts  than  the  focal  spot  can  be  demonstrated,  it  is  not  of  practi- 
cal significance  at  this  time. 


General  Electric  Review,  20,  272-281   (1917). 
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Water  Powers  Conserve  Labor.  II.  1..  Coopkr.  {FAcctrical 
World,  \()1.  (kj,  No.  J5,  p.  1  jcx),  JiiiR'  23,  1917.) — Secretary  Lane 
has  recently  stated  that  there  is  in  the  United  States  35,000,000 
water  horsei)()\ver  undeveloped.  The  attacks  on  water-power 
engineers  and  develoi)ers  hegan  in  1903,  and  since  that  time  the 
aggregate  falling  off  in  water-power  development  amounts  to 
more  than  5,0(X3,(X)0  horsepower.  In  other  words,  if  water-power 
development  had  been  encouraged  during  this  period  and  con- 
tinued at  the  normal  rate  of  development  ])rior  to  1903,  we  should 
have  an  additional  5,000,000  horsepower  at  work  to-day,  and  the 
public  would  be  fixing  the  rates  to  be  ])aid  for  this  great  additional 
amount  of  energy.  The  consumers  would  be  enjoying  a  saving 
of  at  least  $50,000,000  annually  in  their  jwwer  bills,  and  100,000 
laborers  now  engaged  in  following  coal  from  the  vein  to  the  ash 
pile  would  be  free  for  other  Jiiore  impcjrtant  work.  Moreover, 
the  development  of  this  5,000,000  horsepower  would  have  been 
of  great  benefit  to  our  farmers,  because  of  the  cheap  fertilizer  it 
would  have  produced.  Besides  this,  about  $274,000,000  worth 
of  railroad  equipment  now  hauling  equivalent  coal  would  be 
available  for  other  most  important  needs. 

Power  in  all  its  forms  in  the  United  States  has  been  steadily 
going  downward  in  cost  for  many  years,  yet  in  spite  of  this  the 
average  selling  price  of  hydro-electric  power  is  about  $10  per 
horsepower  less  than  the  price  of  the  same  unit  by  steam.  The 
crops  in  France,  in  England,  in  Germany,  and  in  the  United  States 
are  all  suffering  to-day  from  want  of  fertilizers.  Volumes  have 
been  written  showing  that  fertilizers,  intelligently  used,  would 
about  double  the  present  farm  production  of  the  United  States. 
The  primary  basic  need  of  fertilizers  is  nitrogen;  and  this  can  be 
most  economically  produced  by  the  arc  process  from  the  air. 
Ours  is  the  only  large  country  in  the  world  Avhere  fertilizers  by 
this  process  are  not  in  s'uccessful  use. 
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The  Aniline  Color^  Dyestuff  and  Chemical  Conditions   from  August  i, 
1914,  to  April  I,  1917.    Compiled  by  I.  F.  Stone.    Nev^^  York,  The  National 
Aniline  and  Chemical  Cornpany,  1917.    224  pages,  8vo. 
In  the  great  events  of  life,  the  attention  of  mankind  is  often  focussed 
on  incidents  that  are   really  minor  in   their  significance,   but  which   are 
either  at   once   typical  and   easily   understood,   or  by   some    combination 
of  circumstances  brought  at  once  into  the  spotlight,  and  the  first  impres- 
sion is  never  wholly  lost. 

The  general  war  that  broke  out  in  the  summer  of  1914  produced 
almost  immediately  intense  reactions  in  the  industrial  and  commercial 
operations  of  the  United  States,  and,  so  far  as  general  public  discus- 
sion was  concerned,  perhaps  no  more  intense  interest  was  awakened  than 
in  the  coal-tar  color  manufacture.  Yet  the  total  value  of  synthetic  colors 
imported  into  the  United  States  in  a  normal  year  is  only  about  nine 
millions  of  dollars,  and  one  firm  of  chain  stores  in  this  country  sells  ten 
million  dollars'  worth  of  candy  alone,  and  one  automobile  factory  sells 
over  one  hundred  million  dollars'  worth  of  its  products  in  the  same 
period. 

The  book  before  us  is  a  very  valuable  contribution  to  the  problem 
of  establishing  the  tar  industries  in  this  country  upon  a  basis  which 
will  prevent  their  being  upset  by  competition  from  any  other  country. 
That  these  industries  would  be  so  established  seems  to  be  undeniable. 
It  is  not  for  colors  alone.  These  have  formed  the  subject  of  the  most 
active  discussion  since  the  breaking  out  of  the  war,  but,  as  noted  above, 
the    total    consumption    in    this    countr}-    does    not    present    figures    com- 
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parable  with  many  other  industries.  It  is  the  utilization  of  coal-tar 
(and,  incidentallN-.  some  other  tars)  for  the  manufacture  of  a  variety 
of  substances  necessary  in  both  peace  and  war  The  modern  li'i^h  ex- 
plosives belong  to  this  class,  and  a  country  which  is  e<|uipped  to  make 
the  colors  is  e(|uipped  to  make  most  of  the  <ilher  tar  products.  No 
great  nation  can  afford  to  kavr  these  manufactures  in  the  hands  <jf 
another  great  nation  that  may  become  suddenly  hostile.  It  can  scarcely 
be  doubted  that  when  the  nations  lay  down  their  arms  an  economic 
war.  fought  with  tariffs,  trade  agreements,  combinations,  and  other 
methods  to  control  competition,  will  break  out.  and  those  who  desire 
to  know  the  facts  of  the  case  will  need  to  read  this  work  carefully, 
and  also  a  work  recentl>-  published.  "The  British  Coal-Tar  Industry: 
Its  Origin.  Development,  and   Decline." 

The  National  Aniline  and  Ciiemical  Company,  publislur  of  the  work 
under  consideration,  is  a  combination  of  several  of  the  most  prominent 
and  best-e(juipped  establishments  engaged  in  the  manufacture  of  tar 
products.  Its  organization  is  a  step  in  the  right  direction,  for  the  com- 
plex procedures  of  manufacture  and  the  intricate  problems  of  market- 
ing can  best  be  solved  by  a  company  which  can  afford  to  employ  a  large 
staff  of  experts  in  both  scientific  and  business  departments. 
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Cope  and  Guy  B.  Taylor.    46  pages,  illustrations.  8vo.     Technical  Paper  169, 


45^>  I 'rin.icAi  IONS  !<!•,(  i-:i\i:i).  IJ.  I'.  I. 

Pcrmissihlt'  Explosives  Tested  Prior  to  January  i,  1017,  by  vSpcncer  P. 
llowcll.  H)  i)aKes,  8v(>.  'rechnical  I'aper  177,  J'rei)aratioii  of  Ferrf)-uraniuni, 
by  U.  W.  (iillott  and  \\.  L.  Mack.  46  i)aKcs,  ilUistrations,  8vo.  Montbly  State- 
ment of  ("oal-niinc  l^^Ualitics  in  the  I'nited  States,  April,  1917.  List  of  Ex- 
l)losives,  Lamps,  and  Motors  Tested  Pri(jr  to  May  31,  1017.  Compiled  by 
Albert  II.  bay.  J4  paj.;es,  «Sv().  Wasbinj^ton,  (iovernment  Printinj^  Oftice, 
1916-1917. 

('.  S.  Ilcfarimcnt  of  .Ifjriiiilliirr :  lUdletin  552,  Tlie  Seasoning  of  W^kxI. 
by  liarold  S.  Betts,  M.I^.,  in  cbarjL»e,  Office  of  Industrial  Investigations.  28 
pages,  illustrations,  plates,  8vo.  Farmers'  Bulletin  805,  Tbe  Drainage  of 
Irrigated  b'arms.  31  ])ages,  illustrations,  Svo.  Wasbington,  (iovernment 
Printing  Office,  1917. 

Solvay  Alkali:  Its  Various  Forms  and  Uses,  witb  Notes  on  Alkalimetry 
and  Cbemical  and  Commercial  Tables  Conveniently  Arranged  for  the  Use 
of  the  Consumer.  56  pages,  illustrations,  8vo.  Syracuse,  N.  Y.  Solvay 
Process  Company,   1916. 


ERRATUM. 

MAINTAINING     PHOTOGRAPHIC     STANDARDS,     By    Alfred     B. 
Hitchins,  Ph.D.,  August,  1917,  issue  of  the  Joukxai.,  vol.  184.  p.  179. 

The  formula  page  194  should  read: 
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Errors  of  Registration  of  Electricity  Meters  with  Varying 
Loads,  li.  W  .  Stuuiumis.  (Tlic  Jilectrical  Keiicw  (London), 
vol.  8i,  No.  2oby,  July  6,  1917.) — The  errors  of  registration  of 
electricit}  meters  over  periods  during  which  llicre  is  a  variation  of 
the  current  passing  are  a  matter  of  considerable  interest.  The 
problem  of  obtaining  the  errors  of  meters  on  constant  loads  is  one  of 
great  simplicity,  but  this  information  gives  no  prima  facie  indication 
as  to  the  degree  of  accuracy  with  which  a  meter  will  register  over 
a  period  during  which  the  load  may  vary  between  wide  limits.  An 
interesting  case  of  this  question  is  that  of  a  house  in  which  a  moder- 
ate load  is  used  for  a  few  hours  in  the  evening,  one  light  through 
the  night,  and  an  occasional  use  of  one  light,  an  electric  iron,  or 
some  similar  device  throughout  the  day.  The  inaccuracy  of  the 
meter  on  one  light  may  be  considerable,  but  the  important  point  is 
the  extent  to  which  this  error  will  afifect  the  total  inaccuracy  over 
such  an  extended  period  as  one  day.  The  present  article  is  an 
attempt  to  investigate  this  question  theoretically,  and  it  may  be 
observed  that  the  results  apply  equally  to  cases  of  rapidly  varying 
loads,  such  as  are  taken  by  certain  machines.  The  investigation  is 
concerned  with  ampere-hour  meters  only,  and  variations  of  voltage 
have  not,  therefore,  to  be  taken  into  account.  The  performance 
of  a  theoretically  accurate  meter  with  varying  currents  has  been 
previously  investigated,  and  it  is  now  well  known  that  such  a  meter 
w^ith  eddy-current  braking,  whether  shunted  or  not,  correctly  records 
the  total  quantity  of  electricity,  notwithstanding  any  variation  of 
the   current. 

The  case  of  a  meter  of  the  commutator  type  may  first  be  con- 
sidered. With  such  a  meter  the  error  is  due  to  an  approximately 
constant  frictional  torque,  and  the  percentage  error  curve  is  of  the 

form  V  =  K  — ,  v  Ijeing  the  percentage  error,  n  a  constant  depending 

on  the  frictional  torque,  K  the  percentage  difference  between  the 
correct  and  ideal  speeds  of  the  meter,  and  c  the  current  passing. 
Since  the  meter  is  inaccurate,  the  speed  of  the  meter  motor  will 
correspond  to  an  inaccurate  value  of  the  current,  which  will  be 

V         100      100  C  J 

100         100 

This  expression  refers  to  instantaneous  values  of  the  current, 
which  may  be  any  function  of  the  time.     The  quantity  recorded  by 
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the  meter  will  therefore  be  obtained  by  inte<^ralin<^  the  ex])ression 
between  the  limits  o  and  /',  /'  l)ein,<4  the  time  during-  whieh  enrrent 
has  been  j)assin<;". 


,/ 


C,„dl  =n  +  K   ^^  - 


"1' 

lOO  lOO 


()  l)ein<4'  the  correel  (juantit)'.      Tlu'  pereenla^e  error  will  aecordinj^ly 

be  A'- .,,,('„  bcinc:  the  avcrai^e  enrrent  oxer  the  ])eriod  /'.    It  there- 
Co 

fore  follows  that  in  the  case  of  a  meter  with  cin  error  cnrvc  of  the 

form  given  the  error  of  registration  over  a  ])eri(Kl  w  ill  be  the  error 

at  the  average  current  over  the  same  period,  whatever  be  the  nature 

of   the  variation   of   the   current. 

The  case  of  a  meter  having  lluid  as  well  as  sobd   friction  may 

now  be  considered.     With  such  a  meter  the  error  curve  will  be  of 

11 

the  form  ^  = /\ inC,    ;;/    being    a    constant    de])ending   u])on    the 

c 

magnitude  of  uncompensated  fluid  friction.     \\'e  have  therefore: 

-  C  -j-  K —  m  — 

loo       loo  loo 

Cn.dt  =  Q-]-K   ^^    -    "'    -    '"      I    Cdt 
loo       — 

the  percentage  error  being 

The  portion  of  the  error  due  to  fluid  friction  is  therefore  pro- 
portional to  the  ratio  of  the  mean  square  of  the  current  to  the 
average  value  of  the  sanle,  and  such  value  of  the  fluid  friction  error 
will  thus  always  be  higher  than  that  at  the  average  load.  In  the 
case  of  most  house-service  meters,  not  only  is  the  compensation 
for  fluid  friction  fairly  complete,  but  the  effect  of  such  friction  is 
at  the  usual  loads  very  small ;  the  value  of  K  is  also,  owing  to  the 
different  shape  of  the  error  curve,  higher  than  in  the  case  of  a 
meter  with  solid  friction  only.  It  is  therefore  legitimate  to  assume 
that  the  accuracy  of  a  house-service  mercury  meter  over  extended 
periods  will  be  equal  to  that  of  a  commutator  meter  under  similar 
conditions,  the  circumstance  of  variation  of  current  only  being  taken 
into  account.  The  effect  of  fluid  friction  with  meters  of  higher 
capacities  will  become  more  important  with  varying  loads,  the  mag- 
nitude depending  upon  the  nature  of  the  variation.  With  a  load 
corresponding  to  C  =  Ca{i  -f  fl  sin  pt),  the  ratio  of  the  mean  square 

to  the  mean  current  \vill  be  G    (T  +  -a-),  and  the  eft'ect  of  fluid 

2 

friction  is  sensiblv  increased. 
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Power    Requirements    for    Electrochemical    Industry.      1'.    A. 

LIUl:^■K^■.  [Jonnuil  of  the  \\  cstcni  Society  oj  /:>i(iiiu'crs,  \u\.  \\\i, 
Xo.  5,  Ma\.  n;.!/. ) — I  he  most  imporlant  sinj^lc  cU'clrochcmical 
iiuhisliN  in  i)()int  of  jjowct  re(|uircnuMils,  and  also  in  point  of  value 
of  prociucl,  is  ihc  ahnninuni  inchislry.  So  far  as  can  l)c  ascertained, 
there  is  somcthini,^  hke  i^o.txx)  kilowatts  of  c.'ijjacitv  installed  in  this 
coiuUr\'  at  i)rcscnl  for  the  purpose  of  making  ahnninuni.  \ot  all  of 
it,  however,  is  in  operation.  l)ccause  of  conditions,  ])articularly  at 
Xiai,^ara  P'alls.  In  addition  to  these  there  api)ear  to  he  ahout  ^kj,cxk) 
kilowatts  either  heinj^  installed  at  present  or  contemplated.  This 
indicates  that  the  requirements  of  the  aluminum  industry  alone 
in  this  country  lie  hetween  100,000  and  2{)o,(30(j  kilowatts.  It  is 
not  easv  to  ])lace  a  dehnite  and  arhitrary  limit  on  the  rate  of  <^rowth 
of  that  ])articular  industry.  11ie  demands  >eeni  to  he  increasinj^ 
everv  vear,  and  those  demands  are  not,  to  a  \er}-  i^reat  extent,  war 
demands,  hut  the  increased  demand  has  also  come  ahout  hy  the 
rapid  extension  of  the  general  uses  of  aluminum,  as,  for  instance, 
in  the  automohile.  Its  use  in  the  automohile  is  not  only  direct,  hut 
indirect,  and  includes  the  manufacture  of  certain  steels  and  of  steels 
of  a  nature  which  enahles  small  light  parts  to  he  used  in  places 
demanding  great  strength  in  the  automohile  where  a  few  years  ago 
carbon  steel  of  much  greater  dimensions  had  to  he  used. 

Next  in  i^oint  of  size,  is  a  group  of  compounds  which  cannot 
very  easily  be  separated  from  one  another — the  ferro-alloys,  includ- 
ing ferro-silicon,  ferro-chromium.  ferro-molybdenum,  and  so  on. 
It  is  a  little  difficult  to  estimate  the  power  requirements  of  this 
class.  Probablv  about  100,000  kilowatts  would  come  near  the 
mark.  Calcium  carbide,  with  30,000  kilowatts  or  more,  ranks  next. 
The  calcium  carbide  industry  is  not  growing  to-day  at  the  same 
rate  as  a  few  years  ago  :  the  use  of  the  carbide  for  illumination  is 
not  so  great.  On  the  other  hand,  the  use  of  acetylene  for  welding 
and  similar  applications  is  increasing  and  is  to-day,  from  an  engi- 
neering point  of  view,  by  far  the  most  important  use  of  calcium  car- 
bide. Artificial  abrasives  follow  with  some  20,000  to  30,000  kilowatts 
or  more,  representing  the  necessities  of  this  country  in  the  manu- 
facture of  fused  aluminum  and  silicon  carbide,  which  constitute 
the  basis  of  all  modern  grinder  work.  Then  we  have  the  electro- 
lytic alkali  business,  wdiich  gives  us  caustic  soda  or  caustic  potash 
and  chlorine  in  the  form  of  bleaching  ])owder.  Liquid  chlorine, 
or  other  chlorine  products.  For  these,  30,000  kilowatts  would  be 
a  reasonable  figure  to  take  for  the  requirements  of  the  country. 

The  manufacture  of  chlorates,  which  are  used  in  the  match 
industry,  in  textiles,  for  the  manufacttu'e  of  oxygen,  and  in  certain 
chemical  operations,  may  be  charged  with  10,000  kilowatts.  Again, 
sodium,  which,  of  course,  is  not  much  used  in  its  original  form, 
but  from  which  is  made  sodittm  peroxide,  used  in  the  textile  indus- 
tries as  a  bleaching  agent,  and  is  still  more  important  as  a  starting 
point  in  the  manufacture  of  sodium  cyanide,  will  consume  perhaps 
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l5.ooe>  kilowatts.  'Hicre  arc  also  a  ntinihtT  of  minor  articles,  such 
as  i)lios])h()nis,  carbon  l)isul])lnd(',  and  oilier  ])ro(hKis  of  the  electric 
furnace  or  of  electrolytic  processes,  which  niij^ht  include  looo  or 
j{)(X)  kilowatts  each,  if  the  really  small  processes  were  considered, 
there  are  numerous  little  units  w(n"kin^  all  over  the  country  on 
numerous  minor  branches  of  electrolytic  w(jrk  which  may  take  any- 
where  from  a  few  kilowatts  U])  to  a  few  hundred. 

Performance  of  Uniflow  Engine  in  Steel  Mill.  Anon,  {lilcc- 
Irical  World,  vol.  70,  No.  0,  p.  248,  August  11,  1917.) — After  six- 
teen months'  service  a  unillow  engine  installed  in  the  steel  plant 
of  the  L.  i^\  Shoemaker  Company,  at  Tottstown,  Pa.,  was  tested  by 
the  engineers  of  the  steel  company  and  showed  very  high  economy, 
especially  at  small  loads.  The  unillow  type  of  reciprocating  engine 
is  especially  designed  to  maintain  a  steady  temperature  gradient  in 
the  cylinder  and  to  operate  at  low  constant  losses,  and,  by  means  of 
an  unusually  simple  valve  gear,  over  a  considerable  range  of  load. 

The  engine  which  was  tested  is  an  Ames-Stumpf  uniflow  engine 
ha\ing  a  ly-inch  diameter  cylinder  with  24-inch  stroke.  The  engine 
is  direct-connected  with  a  200-kilowatt,  250-volt,  direct-current 
Crocker-Wheeler  generator,  wdiich  furnishes  energy  for  electric 
cranes,  heavy  punches,  shears,  and  general  motor  loads,  and,  in  ad- 
dition, all  energy  for  the  entire  lighting  system.  The  load  is  ex- 
tremely variable,  there  being  frequent  flash-load  fluctuations  from 
one-half  load  to  25  per  cent,  overload.  The  unit  operates  at  200 
r.  p.  m.  with  a  pressure  at  the  throttle  vale  ranging  from  135  pounds 
to  150  pounds,  with  practically  uniform  vacuum,  and  is  rated  at 
320  indicated  horsepower  with  150  pounds  pressure,  cutting  off  at 
one-fifth  of  the  stroke. 

The  test  is  especially  striking  because  it  was  made  on  an  engine 
which  had  been  working  for  many  months  in  a  steel  mill.  The 
vacuum  was  not  particularly  good,  only  26  inches,  and  the  running 
conditions  for  efficiency  none  the  best.  Considering  all  the  con- 
ditions, the  results  were  highly  satisfactory  for  a  simple  condensing 
engine  working  over  a  wide  range  of  power.  Particularly  note- 
w^orthy  is  the  exceptionally  uniform  efficiency  obtained  through  a 
range  varying  from  quarter  load  to  one  and  a  quarter  times  full 
load,  the  variation  in  efficiency  between  these  limits  being  approxi- 
mately 10  per  cent.  The  average  consumption  of  dry  steam  per  in- 
dicated horsepower  at  full  load  was  down  to  the  very  creditable 
figure  of  15  pounds,  particularly  as  this  result  was  a  little  better 
than  that  obtained  before  a  forced  run  of  sixteen  months,  giving 
the  equivalent  of  tw^o  and  a  half  years'  operation  on  an  ordinary 
ten-hour-a-day  basis.  The  results  show  plainly  that  the  develop- 
ment of  new  ideas  in  engine  construction  may  well  lead  to  real  ad- 
vances, despite  the  common  belief  that  the  reciprocating  engine  has 
reached  about  its  ultimate  development. 
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A  Ship  with  No  Reciprocating  Machinery.  A  nun.  {^>iientifir 
Atncncaii.  vol.  rxvii,  .NO.  5,  p.  1^1,  Augusi  4,  \()\y.) — Machinery, 
just  like  livinj;  things,  is  undergoing  a  constant  process  of  evolution. 
Types  arise,  hecome  dominant,  and  then  tend  to  disappear  before 
the  advance  of  newer  and  better  adapted  types.  Though  during  the 
progress  of  one  of  these  cycles  it  is  generally  ditTicult  to  determine 
just  what  is  occurring,  we  appear  to  be  witnessing  a  most  imi)ortant 
one  to-da\-  in  the  gradual  concjuest  of  the  once  dominant  recipro- 
cating machine  by  the  rotary  tyi)e.  Thus,  the  turbine  is  threatening 
to  displace  the  engine:  the  centrifugal  i)ump,  the  piston  pump;  the 
electric  locomotive,  with  its  rotary  motors,  the  steam  locomotive; 
and  others,  cases  of  the  same  kind  can  be  cited. 

In  this  connection  a  tank  steamer,  now  under  construction  in  one 
of  the  Delaware  River  shipyards,  is  of  interest  because  it  is  beheved 
to  be  the  first  ship  to  be  built  witliout  reciprocating  apparatus  of  any 
kind  in  its  engine-room.  Its  power  plant  consists  of  a  low-  and  a 
high-pressure  turbine  geared  to  a  single  propeller,  a  surface  con- 
denser with  a  centrifugal  pump  driven  by  a  turbine,  two  centrif- 
ugal hotwell  pumps  also  driven  by  a  turbine,  and  a  rotary  oil 
pump  for  the  turl)incs  and  gears  driven  from  the  main  gears. 

Xone  of  this  machinery  is  novel  in  principle  or  application  :  it 
merely  happens  that  this  is  the  first  time  that  rotary  machinery  has 
been  used  consistently  throughout  a  ship,  tlius  marking  definitely  an 
epoch  in  the  history  of  shipbuilding. 

Undoubted! v  the  most  interesting  feature  of  the  machinery  itself 
is  the  use  of  a  hydraulic  dynamometer  to  measure  accurately  the 
total  power  developed  by  the  turbines.  The  two  turbines  are  con- 
nected to  the  propeller  shaft  by  two  sets  of  Westinghouse  reduction 
gears,  which  permit  the  3600-r.  p.  m.  turbines  to  drive  the  propeller 
at  70  r.  p.  m.  The  dynamometer  is  incorporated  in  the  pinion  frames 
of  the  first  gear,  and  its  principle  is  as  follows :  The  pinions  and 
gears  run  immersed  in  oil  and  act  as  pumj)s,  causing  a  considerable 
flow  of  oil  under  high  pressure  to  the  reservoir.  The  frames  carry- 
ing the  pinions  of  the  first  gears,  while  normally  bolted  securely  in 
place,  can  be  released  and  are  so  arranged  that  they  will  actually 
float  on  the  stream  of  oil  flowing  from  the  pinions.  The  pressure  of 
this  oil  represents  the  total  pressure  on  the  teeth  of  the  pinion  plus 
the  weight  of  the  pinion  and  frame.  Therefore,  for  the  gauge  pres- 
sure of  the  oil  C  corrected  from  the  frame  and  pinion  weight )  and 
the  revolutions  per  minute,  can  be  obtained  the  power  transmitted, 
the  sum  of  the  power  of  both  gears  giving  the  total  power  delivered 
to  the  propeller. 

Whale  Meat  as  a  Solution  of  the  High  Cost  of  Living.  Axox. 
(Scientific  American,  vol.  cxvii.  Xo.  5.  p.  92.  August  4.  1917.) — Tbe 
Bureau  of  Fisheries.  Department  of  Commerce,  has  for  some  time, 
in  correspondence  and  in  personal  interviews,  been  advocating  the 
use  of  the  meat  of  whales,  porpoises,  dolphins,  and  other  cetaceans 
for  human  food. 
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\\  hales  and  porpoises  arc  iiianinials,  like  calllc  and  sliec]),  and 
llicii"  llc'sh  is  "  meat  "  and  not  "  lish."  In  tcxtnrc  and  appearance  it 
i-cscnil)les  heel',  tlioni;h  tiie  color  is  darker  red,  and  tlie  flavor  is 
ck^scr  lo  that  of  meat  than  to  any  other.  It  is  devoid  of  all  t'lshy 
taste.  It  is  likel\'  that  it  will  soon  he  ohtainahlc  fresh,  corned,  and 
canned,  and  it  is  reconniiended  to  those  who  have  the  oi)])ortunity 
to  purchase  il. 

Whales  are  taken  at  several  shore  stations  on  the  i'acilic  coast, 
where  their  hluhher  is  rendered  for  oil  and  their  bones  and  fiesh 
used  to  some  extent  for  fertilizer,  while  their  skins  ap])ear  to  he 
adapted  to  tanning-  into  leather.  These  stations  take  a  considerable 
number  of  these  animals,  each  furnishing  about  five  tons  of  excellent 
meat. 

Porpoises  are  abundant  on  all  our  coasts,  and  there  is  a  regular 
fishery  for  them  at  Cape  Jiatteras,  where  they  are  valued  ])rincipally 
for  their  oil  and  to  some  extent  for  their  hides. 

During  May  an  enterprising  whaling  company  placed  fresh  whale 
meat  on  the  market  in  Seattle,  Wash.,  and  Portland,  Ore.  The 
product  met  wdth  a  ready  sale  at  lo  cents  a  i)Ound,  and  was  imme- 
diately placed  on  the  menus  of  the  hotels  and  restaurants  under  its 
proper  name. 

Extracting  Alcohol  from  Garbage.  Axon.  (Engineering 
News-Record,  vol.  78,  No.  11,  p.  534,  June  14,  19 17.) — Conserving 
the  food  supply  of  the  country  by  turning  city  garbage  into  alcohol 
instead  of  using  grain  or  potatoes  for  the  purpose  is  a  promising 
possibility  estabhshed  by  carefully  conducted  experiments  reported 
from  the  garbage-reduction  plant  of  Columbus.  Ohio.  The  experi- 
ments show  that  one  ton  of  Columbus  green  garbage  will  yield  4.8 
gallons  of  95  per  cent,  alcohol  of  satisfactory  quality.  Estimates 
indicate  that  a  $36,000  plant  would  produce  from  the  20,000  tons 
of  garbage  treated  annually  at  the  reduction  w^orks  a  total  of  9,6,000 
gallons  of  alcohol,  giving  a  profit  of  42  cents  per  gallon  at  war-time 
prices,  or  30.5  cents  under, normal  conditions.  A  year's  garbage, 
the  tests  indicate,  would  yield  as  much  alcohol  as  could  be  pro- 
duced from  33,600  bushels  of  shelled  corn,  39,529  bushels  of  wheat, 
or  110,344  bushels  of  potatoes. 

The  process  is  covered  by  United  States  Patent  No.  1.114,017, 
granted  to  Dr.  J.  J.  Morgan,  29  East  Aladison  street,  Chicago,  111. 
In  essence  the  process  consists  in  extracting  grease  from  garbage  by 
cooking  with  sulphuric  acid  and  steam,  thereby  converting  the 
starch  and  allied  products  to  dextrose  ;  separating  the  grease  from 
the  tank  liquor :  neutralizing  the  acid  sufficiently  to  allow  fermenta- 
tion ;  fermenting  the  liquor  with  yeast,  therebv  converting  the  dex- 
trose to  alcohol,  and  then  recovering  the  alcohol  by  distillation. 

The  cost  and  profit  figures  relate  to  alcohol  production  alone ; 
that  is,  they  do  not  take  into  account  the  costs  of  the  finishing 
process  for  grease  and  tankage.     The  insufficient  tests  showed  low^er 
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yields  of  eacli  lliaii  in  ordinary  i^arhai^e-rcMlnclion  operations;  ])nt 
it  was  thought  tliat  by  carefnl  manipulation  the  tankaj^e  l(jss  could  he 
reduced  to  a  small  amount,  if  not  eliminated,  and  that  the  jjrease 
I>roduced  would  not  he  reduced  either  in  (pialitx  or  (piantity. 

The  Nernst  Vapor  Lamps.  A.\(k\.  (  I'lic  lUcctric'uiu,  vol. 
Ixxix.  Xo.  10,  June  S.  K),!/.  ) — Prof.  W.  Xernst  descrihes  a  vapor 
lamp  in  (lerman  ])atents  Xos.  288.228  and  2'^>^,22^)  which  is  some- 
what similar  to  Darrah's  lamp  and  is  a  decided  improvement  fnjm 
the  point  of  \iew  of  efficiency.  The  Xernst  lamp  rests  on  the 
j)hen()mena  which  are  observed  when  an  arc  passes  between  carbon 
electrodes  in  an  atmosphere  of  zinc  chloride  or  zinc  bromide.  These 
phenomena  are  analogous  to  those  observed  in  the  vapor  of  mercury 
and  other  metals.  If  the  pressure  of  the  zinc  chloride  vapor  is  too 
low,  the  light  is  dull,  but  at  higher  pressures  {e.g.,  at  atmospheric 
pressure)  the  arc  is  sharp  and  l)right.  The  chlorides  of  aluminum 
and  titanium  behave  similarly  to  zinc  chloride,  titanium  chloride 
being  especially  suitable  for  the  object  in  view.  The  efficiency  of 
these  chloride  lamps  is  about  the  same  as  in  the  high-pressure  mer- 
cury vapor  lamps. 

According  to  one  patent,  the  lamp  includes  a  spherical  bulb 
which  contains  the  two  carbons.  The  upper  electrode  is  controlled  by 
a  solenoid  suitably  protected  from  the  effects  of  the  vapor.  The 
lower  part  of  the  spherical  bulb  ends  in  a  short,  closed  tulnilar  con- 
nection which  contains  the  salt  to  be  vaporized.  The  volatilization 
is  effected  by  an  external  source  of  heat ;  for  this  purpose  the  series 
resistance  to  which  the  lamp  is  connected  may  be  suitably  used. 

In  a  second  patent  Xernst  describes  a  vapor  lamp  in  which  the 
main  conducting  medium  is  mercury  vapor  ;  a  suitable  salt  is  added  to 
give  a  better  color  to  the  light.  The  principle  of  the  lamp  consists  in 
adding  a  line  spectrum  to  that  of  the  mercury  vapor;  in  this  way  a 
white  light  is  produced.  Mercury  vapor,  however,  has  the  property 
of  continually  removing  any  foreign  substances.  It  is  therefore  pos- 
sible to  introduce  the  coloring  matter  continuously,  if  such  sub- 
stances are  used  as  fuse  at  the  temperature  of  the  mercury  vapor 
lamp.  The  substances  thus  continuously  volatilize  with  the  mercury, 
subsequently  condensing  and  flowing  back  into  the  circuit  in  order 
to  repeat  the  cycle  of  operations.  Small  conical  glass  protectors 
fused  into  the  vessel  surround  the  carbon  and  prevent  the  condensed 
drops  of  mercury  and  salt  from  reaching  the  arc.  An  especially 
suitable  salt  mixture  for  these  lamps  is  said  to  consist  of  70  per  cent. 
zinc  chloride,  15  per  cent,  calcium  chloride,  5  per  cent,  thallium 
chloride,  5  per  cent,  lithium  chloride,  and  5  per  cent,  caesium 
chloride.  A  lamp  of  this  kind  without  a  series  resistance  gives  a 
light  of  3000  hefner  candle-power  on  120  volts;  it  takes  4  amperes, 
and  therefore  has  an  efficiency  of  0.16  watt  per  hefner  candle- 
power,  which  is  a  considerable  improvement  on  other  electric  lamps. 
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Leeds  &  Northrup  Optical  Pyrometer.  Axon.  { Toiler,  vol. 
4O,  No.  5.  ]).  141;,  July  31,  icji/.j  .Measurements  by  radiation  can 
be  carried  out  at  a  distance,  once  the  laws  (jf  connecting  tcm])crature 
of  ra(liatin<(  body  and  intensity  of  radiation  have  been  determined, 
and  the  radiation  receivinj^^  and  measurinj^  part  need  not  be  heated 
to  the  temj)erature  of  the  radiating  bo(l\',  nor  even  near  that  tem- 
perature. Pyrometers  utilizing  radiation  are  divided  into  two  classes 
— those  which  measure  as  heat  energy  the  total  radiation  falling 
upon  the  receiving  ])art  of  the  instrument,  and  those,  known  as 
optical  pyrometers,  which  are  based  on  the  fact  that  the  luminous 
radiation  or  light  varies  in  a  definite  manner  as  the  temperature  of 
the  hot  body  changes. 

The  greatest  success  has  been  attained  by  separating  out  one  kind 
or  wave-length  of  radiation,  usually  that  which  excites  the  sensation 
of  red,  and  comparing  the  intensity  of  this  one-color  light  with  the 
intensity  of  the  light  of  the  same  color  emitted  by  a  standard 
source  of  light.  The  eye  is  very  sensitive  when  comparing  the 
brightness  of  two  surfaces  when  one  is  superposed  upon  the  other, 
and,  after  having  arranged  to  have  light  from  the  hot  body  and 
light  from  the  standard  of  comparison  viewed  in  this. relation,  they 
can  be  made  equal,  either  by  varying  the  amount  of  light  received 
from  the  incandescent  object  or  by  varying  the  intensity  of  the  stand- 
ard of  comparison. 

The  latter  method — that  is,  variation  of  the  standard  of  com- 
parison— is  used  by  the  United  States  Bureau  of  Standards.  The 
Leeds  &  Northrup  Company,  of  Philadelphia,  under  the  funda- 
mental Morse  patents,  has  lately  developed  this  type  of  optical 
pyrometer.  The  instrument,  which  is  essentially  a  monocular  tele- 
scope, is  suitable  for  measuring  from  dull  red  (about  1100°  F.)  up 
to  the  highest  known  temperature.  Between  the  eyepiece  and  the 
objective  a  tungsten  lamp  filament  is  located  in  the  plane  containing 
the  point  to  which  rays  from  the  hot  body  are  brought  to  a  focus. 
By  means  of  the  eyepiece,  the  observer  views  the  incandescent  fila- 
ment, which  appears  to  lie  upon  the  image,  just  as  the  cross-hairs  of 
a  surveyor's  telescope  appear  upon  the  distant  object  viewed.  By 
means  of  a  rheostat  in  a  case  slung  about  the  neck,  the  case  also  con- 
taining a  storage  battery  and  milliammeter,  the  current  through  the 
lamp  is  adjusted  until  the  brightness  of  the  filament  and  that  of  the 
image  are  equal,  and  the  temperature  is  determined  by  referring  the 
milliammeter  reading  to  a  calibration  curve.  In  observing  bodies  at 
such  high  temperatures  as  2500°  to  10,000°  F.,  the  light  received 
would  be  too  blinding  for  direct  observation,  even  through  the  red 
glass  with  which  the  eyepiece  is  provided,  and  also  beyond  the  ca- 
pacity of  the  lamp.  Therefore  a  screen  is  used,  placed  between  the 
lens  and  the  image  so  that  it  reduces  the  light  from  the  hot  body  but 
not  that  of  the  filament.  This  screen  can  be  thrown  in  or  out  of  the 
field  of  view  when  required,  the  readings  being  referred  to  a  differ- 
ent calibration  when  the  screen  is  in  use. 
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A  New  Permanent  Magnet  Steel.  .\\(t\.  {Scicniific  Ameri- 
can, vol.  cxvii.  NO.  0,  p.  107,  Au^uisi  11.  igi/.) — A  new  slccl  of 
considerable  inijxjrtance  has  been  made  in  \\\v  I'nited  States  for  the 
last  year  or  so,  directly  the  ontconie  of  war  concbtions.  It  is  a  new 
permanent  magnet  steel,  a  substitute  for  the  older  steel ;  it  is  known 
as  tungsten  magnet  steel,  used  exclusively  for  this  puri)ose  before 
the  war.  Xot  long  after  the  war  l)egan  and  ihc  price  (jf  lungslen  ad- 
vanced, efforts  were  made  to  find  a  steel  that  would  l)e  cheaper  and 
also  as  efficient  as  the  ])ermanent  magnet  steel  then  being  used,  con- 
taining tungsten  varying  in  amount  from  5  to  10  per  cent,  and  some- 
times even  up  to  25  per  cent.  The  demand  was  insistent  from  both 
magneto  makers  and  electric  companies  making  electric  meters,  be- 
cause the  tungsten  magnet  steel  was  reaching  prohibitive  prices.  It 
was  even  stated  that  automobile  makers  were  substituting  batteries 
for  magnetos  because  American  steel  makers  could  not  make  as  good 
magnet  steel  as  foreigners. 

The  new  steel,  which  is  rej)orted  to  l^e  not  less  than  (ju  ])er  cent, 
as  efficient  as  the  old  permanent  magnet  steel,  is  a  0.90  per  cent, 
carbon  steel  containing  about  2  per  cent,  of  chromiiun.  and  is  now^ 
being  made  in  electric  furnaces  in  this  country  and  extensively  used 
by  many  consumers.  This  new  type  of  steel  is  based  on  investi- 
gations made  by  Dr.  John  A.  Matthews,  of  Syracuse,  N.  Y..  and  pub- 
lished by  the  American  Society  for  Testing  Materials  about  three 
years  ago,  in  which  it  was  pointed  out  for  the  first  time  that  certain 
types  of  steels  are  better  magnetically  when  quenched  in  water.  This 
statement  was  contrary  to  all  previous  ideas  regarding  the  hardening 
of  steel  for  permanent  magnets. 

Magnetically  this  new  chromium  steel  is  equal  to  tungsten  magnet 
steel  in  permanence  and  somewhat  lower  in  residual  density.  Users 
have  found  it  possible  to  substitute  this  steel  for  the  older  steel 
without  making  any  change  whatever  in  their  windings  or  in  the 
cross-sections  of  the  magnets  used.  Practically  chrome  magnet  steel, 
as  the  new  steel  is  called,  is  not  equal  to  the  tungsten  magnet  steel, 
because  it  requires  oil  hardening  and  also  because  chrome  steel  in 
its  natural  state  is  much  harder  to  drill  or  machine  and  the  steel  it- 
self must  be  handled  with  greater  care  and  uniformity  in  heat  treat- 
ment than  is  necessary  with  tungsten  steel.  A  large  electric  manu- 
facturing company  has  been  using  this  material  for  permanent  mag- 
nets. By  close  cooperation  with  the  manufacturers  of  the  steel  and 
careful  development  of  treatment  processes  they  have  been  able  to 
obtain  entirely  satisfactory  results. 

Voltage  Standardization.  M.  D.  Cooper.  (General  Electric 
Rez'iez^',  vol.  xx,  Xo.  7,  p.  564,  July,  1917.) — One  of  the  funda- 
mental factors  of  our  present-day  civilization  is  standardization. 
In  fact,  it  may  be  said  that  our  entire  economic  and  commercial 
development  has  been  brought  about  by  standardization  or  coopera- 
tion  in   the   use   of   standardized   measures  of  quantity  and  value. 
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standard  methods  of  action,  etc.  The  electrical  industry  of  this 
country  has  jj^rown  to  its  present  importance  and  hi^h  state  of  de- 
velopment very  larjjjely  hy  reason  of  the  hij^di  dej^ree  to  which  elec- 
trical a])paratus,  appliances,  material,  and  methods  have  been  stand- 
ardi/e(l.  Although  the  electrical  industry  is  outranked  by  no  other 
industry  in  thorou^dmess  of  standardization,  yet  there  is  one  feature 
that  shows  a  considerable  lack  of  standardization;  namely,  voltage 
distribution.  There  is,  of  course,  a  standardization  of  ranges  of 
voltage,  such  as  105  to  125,  220  to  250,  etc.,  but  in  any  one  of  these 
ranges  there  is  no  commonly  accepted  standardization  upon  certain 
definite  values.  If  voltage  standardization  upon  a  very  few  values 
could  be  brought  about,  a  very  great  benefit  would  accrue  to  the  elec- 
trical industry. 

Since  the  incandescent  lamp  requires  the  closest  voltage  selection 
of  any  piece  of  current-consuming  apparatus,  the  conditions  sur- 
rounding the  manufacture  of  incandescent  lamps  have  ahvays  had  a 
very  large  part  to  play  in  the  selection  of  operating  voltages  for 
lighting  companies.  At  an  early  period  of  the  industry,  practically 
all  central  stations  were  operated  at  either  100,  104,  or  no  volts.  In 
time  the  desire  for  a  wider  distribution  and  more  economical  use  of 
copper  led  the  lighting  companies  to  seek  higher  voltages  than  no, 
with  the  result  that  ultimately  the  demand  for  lamps  was  spread 
over  a  range  from  100  to  130  volts,  although  now  the  greater  pro- 
portion of  the  demand  lies  between  no  and  125  volts.  With  the 
introduction  of  the  tungsten  filament  lamp  there  has  been  a  decreas- 
ing necessity  for  a  wide  range  of  operating  voltages,  because  lamp 
manufacturers  have  continuously  been  able  to  make  their  lamps 
closer  and  closer  to  the  predetermined  voltage  of  design.  At  the 
present  time  the  processes  of  manufacture  are  so  far  developed  that 
Mazda  lamps  can  be  made  true  to  voltage  within  commercial  limits. 
As  the  influence  of  the  manufacturers  has  been  withdrawn  from 
maintaining  a  diversity'  of  demand  for  various  voltages,  the  trade 
has  shown  an  evident  tendency  toward  standardization  of  certain 
voltages.  The  tendency  now  is  toward  a  universal  standardization 
on  no,  115,  and  120  volts. 

The  Detinning  Industry.  Anon.  (Reactions,  Second  Quarter, 
1917,  vol.  10,  No.  2,  p.  30.) — ^Before  the  outbreak  of  the  war,  the 
production  of  tin  plate  in  England  was  700,000  tons  per  year,  wdiile 
in  the  United  States  the  yearly  output  was  over  1,000,000  tons,  and 
at  present  the  production  is  estimated  at  1,300,000  tons.  As  the 
industry  grew  to  large  proportions,  the  disposal  of  the  clippings  and 
other  scrap,  which  accumulate  in  large  quantities,  became  an  im- 
portant problem,  because,  unless  the  tin  could  be  removed  from 
the  iron,  the  scrap  could  not  be  puddled,  or  remelted  in  melting 
furnaces.  This  at  first  did  not  appear  to  be  very  difficult,  and  it 
appealed  to  the  inventor,  as  the  can  factories  were  glad  to  give  away 
their  tin   scrap   and   even   to  pay   cartage   simply  to   be   rid   of  it. 
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Proinisinj^  as  the  problem  ai)i)eare(l.  it  re<|iiired  many  detacles  of 
study  and  experiment  before  a  profitable  method  was  developed. 

All  the  processes  which  have  been  actually  ojierated  may  be  di- 
vided into  three  general  classes:  the  mechanical  process,  the  chemi- 
cal process,  and  the  electrochemical  process.  In  the  mechanical 
process  the  effort  was  made  to  separate  the  tin  from  the  iron  by 
means  of  heat,  and  later  by  refrigeration.  The  method  was  not  prac- 
tical, however,  because  it  was  not  i)ossible  to  obtain  a  thorough 
separation  of  the  tin  from  the  iron.  Most  of  the  chemical  and 
electrochemical  processes  were  also  failures,  because  the  acids  used 
would  not  dissolve  the  tin  sufficiently  and  left  a  considerable  amount 
adhering  to  the  iron.  It  was  also  found  in  many  cases  that  the 
chemicals  used  were  too  expensive  to  make  the  process  an  econom- 
ical one.  Three  processes,  however,  have  operated  successfully, 
more  or  less  in  competition  with  each  other  for  the  last  fortv  years. 
These  three  processes  are  the  electrolytic  alkali  ])rocess,  the  chlorine 
process,  and  the  alkali  chemical  process.  Despite  its  apparent  sim- 
plicity, the  electrolytic  alkali  process  was  supplanted  l)y  the  early 
chlorine  process 

When  dry  chlorine  is  brought  into  contact  with  tin  clippins^s,  the 
chlorine  and  tin  will  combine,  and  the  anhydrous  tetrachloride  of 
tin  which  is  formed  will  drip  off.  As  chlorine  at  low  temperature 
does  not  attack  iron,  the  process  is  apparently  very  simple.  Not- 
withstanding its  seeming  simplicity,  it  required  a  number  of  years  to 
develop  the  process  in  such  a  way  that  it  could  be  used  commercially. 
In  1907  the  chlorine  process  gained  real  importance  in  the  hands  of 
the  Goldschmidt  Company,  which  abandoned  the  electrolytic  method 
which  it  had  developed  in  favor  of  the  chlorine  process.  Since  then 
it  has  grown  very  rapidly,  and  to-day  there  are  larger  quantities  of 
tin  scrap  and  old  tin  cans  detinned  with  the  chlorine  process  than  by 
all  the  other  processes  combined. 

Another  process  is  detinning  by  means  of  alkalies,  either  alone 
or  in  combination  with  oxidizers.  This  method  was  practised  at  an 
early  stage  of  the  industry,  but  it  did  not  always  remove  a  sufficient 
amount  of  tin,  with  the  result  that  a  considerable  part  was  left  on  the 
iron.  It  is  only  within  recent  years  that  this  process,  using  alkali 
and  saltpetre,  has  been  satisfactorily  developed,  and  the  results 
compare  in  every  respect  with  the  product  of  the  chlorine  process. 
The  Goldschmidt  Detinning  Company  uses  this  process  as  well  as 
the  chlorine  process  in  its  various  plants,  and  its  output,  in  addition 
to  detinned  scrap,  comprises  large  amounts  of  tetrachloride  of  tin 
and  pig  tin  of  a  purity  which  in  every  respect  is  the  equal  of  Straits 
tin.  The  company  recovers  every  year  the  equivalent  of  almost 
2000  gross  tons  of  metallic  tin. 

Metallurgy  of  Ferrochromium.  R.  J.  Axdersox.  (Iron  Trade 
Review,  vol.  Ixi.  Xo  i.  p.  ';^,  July  12,  1917. ) — Ferrochromium,  like 
ferrosilicon,  was  one  of  the  pioneer  alloys  made  in  the  electric  fur- 
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iiJicc  at  till'  time  when  this  appliance  was  first  used  for  the  manu- 
facture of  the  ferro-products.  'J  he  use  of  chromium  in  alloy  steels 
has  markedly  increased,  and  its  employment  promises  to  further 
increase  on  account  of  the  s])ecial  ])ro])erties  it  confers  upon  the 
metal.  Chromium  steels  are  well  adai)ted  for  use  in  the  manufacture 
of  armor  plate  and  for  armor-piercin<,^  projectiles,  as  w'ell  as  for 
automohile  parts,  and  in  other  cases  where  great  hardness  and  high 
tensile  strength  are  desired.  Tn  comhination  with  nickel,  chromium 
forms  the  now  well-known  chrome-nickel  steel  of  the  trade.  Ke- 
cently  it  has  heen  employed  with  tungsten  for  magnet  purposes. 

IM-ior  to  the  introduction  of  the  high-teni])crature  electric-melt- 
ing furnace,  the  manufacture  of  ferrochromium  was  performed 
almost  entirely  in  the  hlast-furnace  stack,  although  a  smaller  amount 
was  made  in  the  crucihle.  Crucihle  manufacture  gives  high-tenor 
alloys,  but  several  concomitant  disadvantages  are  present.  Only 
small  charges  can  be  fired  at  a  time,  the  crucible  cost  is  high,  as 
special  and  expensive  pots  are  required,  and  the  alloys,  though  rich 
in  chromium,  are  also  comparatively  high  in  impurities.  The  product 
is  therefore  not  ahvays  satisfactory.  For  commercial  purposes  the 
electric  furnace  affords  a  satisfactory  appliance  in  which  alloys  high 
in  chromium  tenor  and  low  in  impurities  can  be  smelted.  The  large 
quantities  demanded  in  steel  metallurgy  for  chromium  steel  produc- 
tion are  now  made  in  the  electric  furnace  in  the  United  States,  Ger- 
many, and  elsewhere.  The  modern  ferrochromium  is  a  high-per- 
centage alloy  containing  60  per  cent,  chromium  or  more,  and  the 
physical  properties  are  directly  a  function  of  the  amount  of  carbon 
present. 

Only  a  small  amount  of  ferrochromium  is  made  in  the  blast  fur- 
nace at  the  present  writing,  for  the  reason  that  the  electric  furnace 
is  more  efficient  where  the  power  cost  is  low,  and,  further,  the  elec- 
tric furnace  turns  out  a  better  product.  When  ferrochromium  is 
made  in  the  blast  furnace  it  requires  a  heavy  fuel  consumption  for 
its  successful  manufacture ;  about  three  tons  of  fuel  per  ton  of  40 
per  cent,  alloy  are  used.  The  modern  method  of  making  ferro- 
chromium is  in  the  electric  furnace,  although  a  lesser  quantity  is 
produced  by  the  thermit  method.  Generally  speaking,  the  iron- 
chromium  alloy  produced  in  the  electric  furnace  analyzes  about  60 
to  65  per  cent,  chromium  and  5  to  9  per  cent,  carbon. 
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I.    INTRODUCTION. 

So  far  as  has  come  to  the  attention  of  the  writer,  there  has 
never  been  any  systematic  attempt  to  set  forth  a  metallurgy  of 
titanium,  or,  for  that  matter,  to  take  cognizance  of  the  fact  that 
the  element  possesses  an  extremely  interesting  and  somewhat  com- 
plicated metallurgy.  If  volume  of  scattered  literature  is  any 
criterion,  the  importance  of  titanium,  long  recognized  as  a  rare 
element,  has  assumed  such  proportions  that  it  would  seem  con- 
sistent and  harmonious  with  modern  ideas  if  the  principal  writings 
^^'ere  collated.  The  service  that  titanium  in  the  form  of  a  ferro 
alloy  renders  to  the  iron  and  steel  industry  is  one  that  is  becoming 
more  indispensable  as  the  demands  for  quality  become  more 
exacting.  A  large  industry  has  been  reared  upon  the  exploitation 
and  sale  of  such  an  alloy,  and  in  another  works  it  forms  one  of 
the  principal  products  of  the  establishment.  The  success  of  Rossi 
after  many  years  of  endeavor  is  of  an  excellence  so  signal  and 
so  arresting  that  it  is  certain  to  reawaken  the  latent  interest  in 

*  Communicated  by  the  Author.  From  a  thesis  presented  to  the  Case 
School  of  Applied  Science,  ^lay,  1917,  for  the  degree  of  metalluigical  engi- 
neer. Published  with  the  permission  of  Dr.  Chas.  S.  Howe,  president  of  the 
Case  School  of  Applied  Science,  Cleveland. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
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other  ul"  the  now  rare  clciiK'nts;  cjj.,  l)(>r()n,  calcium,  strontium, 
harium,  magnesium,  zirconium,  and  others. 

In  any  presentation  of  this  suhject,  one  is  confronted  by  a 
number  of  (hllicuUies,  so  that  no  attempt  has  been  made  to  set 
forth  an  exhaustive  treatise.  The  subject  naturally  falls  under 
these  heads:  mineralogy  and  geology  of  titanium;  chemistry  of 
titanium;  titanium  in  iron  and  steel  and  in  non-ferrous  metal- 
lurgy ;  and  the  uses  of  titanium  and  its  compounds.  These  items, 
while  not  treated  scriafim,  are  discussed  in  the  paragraphs  herein. 
The  work,  of  necessity,  has  called  for  somewhat  of  a  compilation 
of  the  writings  of  various  authors,  so  I  hope  to  be  excused  from 
what  might  appear  to  be  an  indiscriminate  plagiarism.  This  can 
scarcely  be  avoided  under  the  circumstances. 

Ackncnvlcdgmeitts. — Mr.  A.  Thompson,  general  manager  of 
The  Titanium  Alloy  Manufacturing  Company,  Niagara  Falls, 
N.  Y.,  kindly  provided  me  with  a  set  of  titanium-treated  Bessemer 
and  open-hearth  steels,  and  corresponding  non-treated  steels  for 
comparison.  Mr.  Geo.  F.  Comstock,  metallographist  for  the  same 
company  has  accorded  me  permission  to  reproduce  some  of  his 
photomicrographs.  Dr.  Thos.  L.  Watson,  director  of  the  Vir- 
ginia Geological  Survey,  has  allowed  me  permission  to  show  some 
of  his  photographs,  as  have  Mr.  Van  H.  ^Manning,  director  of 
the  United  States  Bureau  of  Mines,  and  Dr.  Joseph  T.  Singewald. 
Jr.,  of  Johns  Hopkins  University.  I  have  also  shown  some  illus- 
trations with  the  permission  of  the  Goldschmidt  Thermit  Com- 
pany, New^  York  City.,  and  Mr.  George  B.  Waterhouse,  Lacka- 
wanna Steel  Company,  Buffalo,  X.  Y.  These  courtesies  are 
fully  acknowledged  in  the  text. 

2.    THE    CHEMISTRY    OF    TITANIUM. 

History  of  the  Element  and  General  Statement. — The  element 
titanium  w^as  discovered  by  the  Rev.  William  McGregor,  in  1791/ 
while  studying  a  magnetic  black  sand  occurring  at  Menachan, 
Cornwall.  In  1794/  Klaproth,  w^hile  engaged  in  an  investigation 
of  rutile,  discovered  a  new  metal,  w^hich  he  named  titanium. 
McGregor  had  given  the  name  of  menaccanite  to  the  magnetic 
black  sand,  and  to  the  newly  discovered  element  the  name  mena- 

^  Author's  Note. — There  is  some  difference  of  opinion  as  to  the  exact 
dates  here:  the  first  is  given  as  1789  and  the  second  as  1795  in  some  writings. 
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chile.  In  an  nivcsligaliun  of  ilnienitc  some  time  later — 1797,  to 
be  exact — Klaproth  showed  that  titanium  and  nunachite  were 
one  and  the  same  element.  At  any  rate,  the  name  titanium  has 
been  universally  adopted,  and  menachite  is  referred  to  only  in 
historical  considerations.  Titanium  is  one  of  the  80-odd  elements 
which  either  in  combination  or  elemental  make  up  the  crust  of  the 
earth  and  the  surrounding  atmosphere.  Relatively  speaking,  it 
is  a  common  element,  although  long  considered  rare.  Elemental 
titanium  is  unknown  in  nature,  it  being  found  most  commonly 
in  combination  wnth  oxygen,  as  titanium  dioxide  (TiO^j,  in 
three  minerals ;  viz.,  brookite,  rutile,  and  anatase. 

Physical  and  Chemical  Properties.- — Titanium  -  is  a  member 
of  that  group  of  elements  to  which  also  belong  silicon,  zirconium, 
cerium,  and  thorium.  It  bears  a  most  marked  resemblance  to 
these  elements,  particularly  in  its  tetravalency,  although  it  has  a 
lower  valence  in  some  cases ;  and  it  is,  further,  as  is  zirconium, 
either  a  weak  base-forming  or  a  weak  acid-forming  element. 
In  its  behavior  tow'ards  reagents,  titanium  resembles  tantalum 
to  a  certain  extent.  Titanium  is  a  silvery-white  metal — its  color 
being  not  unlike  that  of  highly  polished  steel;  its  fracture  is 
steely.  From  a  metallurgical  standpoint,  one  of  its  most  interest- 
ing properties  is  its  workability;  when  cold  it  is  brittle,  but  at  a 
red  heat  it  may  be  readily  drawn  and  forged.  The  atomic  weight 
is  48.1,  and  the  specific  gravity  is  given  as  4.50.  All  attempts  to 
draw^  it  into  wire  have  met  wnth  defeat  on  account  of  its  non- 
ductilit}^  either  hot  or  cold,  but,  as  stated,  it  is  malleable  at  a 
low  red  heat  and  may  be  readily  forged  like  iron.  Hunter  ^ 
determined  the  melting-point  as  betw-een  1800°  C.  and  1850°  C, 
and  other  determinations  have  been  variable,  ^loissan  "*  states 
that  the  element  combines  wath  oxygen  with  incandescence  at  a 
temperature  of  610°  C.  On  heating,  it  combines  wnth  the  halo- 
gens and  oxygen  W'ith  incandescence  to  form  halogen  and  oxygen 
salts,  and  with  sulphur  and  carbon  to  form  sulphides  and  car- 
bides.   Titanium  combines  with  nitrogen  w-ith  very  great  avidity, 

*  Roscoe  and  Schorlemmer,  "  Treatise  on  Chemistry,"  1907,  p.  787  ct  seq. 
Browning,    P.   E.,   "  Introduction  to   the   Rarer   Elements,"   1909,   p.   99 

et  seq. 
Hunter,  M.  A.,  "Metallic  Titanium,"  Jour.  Aw.  Chcm.  Soc,  vol.  xxxii, 
1910,  p.  330  et  seq. 
^Hunter,  M  A.,  loc.  cit. 

*  Moissan.  H..  "  Traite  de  chemie  minerale."  tome  ii,  p.  494- 
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resulting  in  the  formation  of  nilrick's,  rcscinbling  in  this  respect 
l)olh  boron  and  niaj^nicsinni ;  ilie  reaction  commences  at  or  about 
800'^  C,  and  when  the  combustion  of  the  metal  occurs  in  air  or 
in  the  presence  of  oxygen  the  (jxide  as  well  as  the  nitride  is 
formed.  Titanium  is  soluble  in  cold,  dilute  sulphuric  acid,  aqua 
regia,  and  hot  concentrated  hydrochloric  acid ;  it  is  attacked  rather 
more  slowly  by  nitric  acid,  and  more  slowly  still  by  dilute  hydro- 
tluoric  and  acetic  acid. 

J  ^reparation  of  Metallic  Titaniiiui. — Whether  pure  metallic 
titanium  had  ever  been  prepared  prior  to  the  work  of  Hunter  in 
1900  is  rather  doubtful.  The  common  methods  which  were 
employed,  calling  for  a  reduction  of  titanium  dioxide  (TiOo)  by 
heating  with  metallic  sodium  and  magnesium,  normally  yielded 
contaminated  products  containing  titanium  monoxide  in  greater 
or  less  amount.  The  product  yielded  by  the  action  of  sodium  on 
the  halogen  derivatives  of  titanium  also  contained  small  amounts 
of  titanium  monoxide,  produced  by  the  action  of  any  moisture 
present;  in  the  same  method  the  nitride  w^as  often  found  in  the 
product,  due  to  the  union  of  titanium  and  nitrogen.  To  exclude 
nitrogen  in  this  method  is  exceedingly  difficult  and  calls  for 
delicate  manipulation.  The  early  investigators  readily  con- 
founded the  nitride  with  the  element  itself  because  of  the  con- 
fusing metallic  appearance  of  the  former;  the  compound  formed 
by  titanium  with  carbon  and  nitrogen  {i.e.,  titanium  cyanoni- 
tride)  was  also  thus  confused. 

Probably  the  nearest  approach  to  the  pure  element,  before  the 
work  of  Hunter,  was  secured  by  Moissan.  The  French  savant 
fused  carbon  with  an  excess  of  titanium  dioxide  in  the  electric 
furnace  at  exceedingly  high  temperature.  From  his  procedure 
are  secured  three  distinct  products  in  as  many  different  layers ; 
viz.,  the  top  layer,  consisting  of  titanium,  with  about  5  per  cent. 
of  carbon;  the  second  layer,  consisting  of  the  nitride;  and  the 
third,  or  bottom,  layer,  consisting  of  titanium  monoxide.  H  the 
top  layer  be  again  fused  with  an  excess  of  titanium  dioxide  the 
carbon  is  reduced  to  2  per  cent,  and  the  product  is  free  from 
silicon  and  nitrogen.^  Moissan  employed,  in  his  method,  a 
magnesia  or  lime  crucible  for  the  fusion.  The  carbon  in  the 
product  was  no  doubt  in  the  form  of  the  carbide,  TiC  (in  the 
absence  of  high  silicon  this  would  be  the  normal  occurrence),  and 

^  Moissan,  H.,  Compt.  Rend.,  1895,  vol.  120,  p.  290. 
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in  addition  there  was  oxygen ;  the  product  was  then  almost  any- 
thing l)ut  pure  titanium.  When  prepared  by  the  method  just 
described,  the  product  has  a  l)rilbanl,  white  fracture  and  is  ex- 
tremely hard  but  is  quite  friable.  Its  specific  gravity  is  higher 
than  that  of  pure  titanium,  being  4.87.  Moissan,  in  further 
work'"'  on  titanium,  distilled  the  metal  in  the  electric  furnace: 
the  distillate  condensed  in  small  crystals.  Ihe  ])ro(luction  of 
pure  metallic  titanium  is  difficult  by  reason  of  the  high  melting- 
point  of  the  element,  and  this  is  augmented  on  account  of  its 
strong  affinity  for  nitrogen,  carbon,  and  oxygen.  In  addition  to 
]\Ioissan.  other  early  workers  who  labored  in  the  endeavor  include 
W'ollaston,"  Rose,^  Berzelius,^  Wohler,^'*  and  Deville,^^  as  well 
as  Nilson  and  Petersson.^-  llie  latter  workers  attempted  the 
preparation  of  pure  titanium  by  the  reduction  of  titanium  tetra- 
chloride (TiCl4)  with  sodium,  by  heating  the  materials  to  a 
red  heat  in  an  air-tight  steel  cylinder.  The  results  were  dis- 
appointing. Titanium,  or  rather  the  product  secured  by  this 
process,  is  in  the  form  of  yellowish  scales.  The  best  product 
contained  94.73  per  cent,  titanium,  and  the  chief  impurity  was 
oxygen.  In  the  Goldschmidt  and  Rossi  processes  for  the  produc- 
tion of  the  pure  metal,  the  reducing  power  of  aluminum  is  taken 
advantage  of.  A  modified  Goldschmidt  method  ^'^  is  employed, 
where  a  peroxide  (usually  barium  or  sodium  peroxide)  is  intro- 
duced into  the  mixture  to  cause  an  accelerated  rate  of  reaction 
and  accordingly  produce  a  higher  temperature.  Considerably 
more  aluminum  is  needed,  for  the  successful  use  of  this  method, 
than  in  the  straight  alumino-thermic  method,  to  provide  for 
combination  with  the  oxygen  of  the  peroxide. 

Hunter  ^^  attempted  to  produce  pure  titanium  by  a  number 
of  processes,  and  among  others  repeated  the  work  of  Moissan 
and  of  Xilson  and  Petersson.     Poor  results  were  obtained  by 

'  Moissan,  H.,  Compt.  Rend.,  1906,  vol.  142.  p.  673. 
'Phil.  Trans.,  1823,  vol.  17. 
^  Pogg.  Ann.,  1825,  vol.  4,  p.  3. 
°Pogg.  Ann.,  1837,  vol.  14,  p.  57. 
"  Compt.  Rend.,  1849,  vol.  29,  p.  505. 
"  Compt.  Rend.,  1857,  vol.  45,  p.  480. 
^'Zeit.  physikal.  Chem.,  1887,  vol.  i,  p.  25. 

^•"  Kiihne,  K.  A.,  Electrochem.  and  Met.  hid.,  1909,  vol.  vii,  p.  127. 
"Hunter,    M.    A.,    ''■Metallic    Titanium,"   Jour.    Am.    Chcm.    Sac.,    1910, 
vol.  xxxii,  p.  330  et  seq. 
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all  llic  iiK'lhods  t-mployrd  iiiilil  lu-  used  tlu'  nictliod  of  Nilson 
and  IV'tcrsson  and  employed  most  rigorous  care,  lie  then  suc- 
ceeded in  producing  virtually  pure  titanium.  Jiunter  used  titan- 
ium tetrachloride  formed  by  the  chlorination  of  titanium  carbide; 
the  chloride  was  lluxed  in  a  current  of  nitrogen  in  order  to 
completely  remove  all  traces  of  chlorine,  and  then  distilled  re- 
peatedly with  the  rejection  of  the  end  fractions.  I'hat  fraction 
boiling  near  130  to  137°  was  then  shaken  repeatedly  with  sodium 
amalgam  and  mercury  and  redistilled,  producing  a  water-like  sub- 
stance boiling  at  constant  temperature.  Five  hundred  grammes 
of  the  titanium  chloride  and  245  grammes  of  sodium  (the  amount 
reci'uirecl  theoretically  for  the  complete  reduction  of  the  titanium) 
were  mixed  and  placed  in  a  steel  bomb.  The  bomb  and  the  en- 
closed mixture  were  brought  to  a  low  red  heat — the  reaction 
taking  place.  On  cooling,  the  contents  were  leached  with  water ; 
the  residue  consisted  of  pure  titanium,  partly  as  a  fine,  gray  pow^- 
der  and  partly  as  small,  rounded  beads.  The  reaction  taking 
place  in  the  bomb  is  rapid,  and  the  heat  generated  is  enough  to 
melt  some  of  the  metal — hence  the  appearance  of  part  of  the 
product  as  small  beads.  That  the  product  is  pure  titanium  is 
shown  by  two  analyses  of  the  small  beads;  viz.,  99.90  per  cent, 
and  100.20  per  cent,  titanium.  The  method  just  described  is 
standard  for  the  production  of  pure  titanium. 

Compounds  of  Titaniuni. — According  to  Browning, ^^  the 
following  are  typical  compounds  of  titanium;  viz.,  oxides,  TiO, 
Tio04,  TigO;.,  Ti-0]2'  TiOo,  TioO-,,  TiOo ;  hydroxides, 
Ti(0H)4,  Ti(OH)p, ;  chlorides,  TiClo,  TiCl^ ;  bromide,  TiBr4; 
iodide,  Til4 ;  fluoride,  TiF4 ;  titanofluorides,  RsTiFg,  etc. ;  sul- 
phides, TisS^,  TiSs;  sulphates,  Tio( 804)3,  Ti( 804)0;  nitrides, 
Ti3N4,  TigNg,  TiNo;  carbide,  TiC;  silicide,  TiSi;  titanates, 
RTiOa,  RsTiOo ;  acids  (see  hydroxides),  HsTiOy. 

Oxides. — Titanium  combines  with  oxygen  to  form  a  number 
of  oxides,  the  most  important  being  titanium  dioxide  (TiOo), 
titanium  sesquioxide  (TioOo),  and  titanium  peroxide  (TiOg). 
In  addition  to  these,  the  monoxide  (TiO)  has  been  prepared 
and  others  have  been  described.  The  existence  of  some  of  these 
latter  is  doubtful.  Titanium  dioxide  is  trimorphous,  occurring 
as  three  different  minerals;  viz.,  rutile,  brookite,  and  anatase,  as 

"  Browning,  P.  E.,  "  Introduction  to  the  Rarer  Elements,"  2nd  ed.,  1909, 
p.  99- 
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alreatly  nicnlioncd.  ritaniiini  dioxide  fuses  at  tlie  temperature 
oi  the  ox\ hydrogen  llanie,  forming  a  thin  h(iui(l  wliich  soHdilies 
to  a  confused  crystalhne  mass.  In  ])<)int  of  stability  ncj  other 
known  compound  surpasses  Ti(  )m.  Its  heat  of  formation  has 
been  determined  by  W.  (i.  Mixter  '"  to  be  about  j  18,000. 

The  compound  of  titanium  most  deserving  of  the  attention  of 
the  metalhirgist.  because  it  is  the  most  useful,  is  the  carbide 
(TiC).  in  combination  with  iron,  it  is  found  in  the  commercial 
alloy  kncnvn  as  "  ferro-carbon  titanium."  When  titanium  car- 
bide is  heated  to  redness  in  oxygen  or  in  the  air,  it  reacts  with 
vigor  with  oxygen  in  a  manner  not  unlike  pure  metallic  titanium. 
The  interesting  compound  titanium  cyanonitride  mav  be  men- 
tioned in  this  connection.  When  iron  ores  containing  titanium 
are  reduced  in  the  blast  furnace,  small,  brilliant,  copper-colored 
cubes  are  found  in  cavities  of  the  slag  and  pig  iron,  and  replacing 
mortar  in  the  fire-brick  lining.  A  mass  containing  80  pounds  was 
found  in  a  blast  furnace  in  the  Harz.  The  crystals  are  hard 
enough  to  scratch  glass,  and  are  highly  refractory.  The  com- 
pound was  noted  by  Wollaston  ^"  in  1822  ;  he,  at  the  time,  thought 
it  to  be  pure  titanium,  like  many  of  the  other  earlv  investigators. 
In  1849,  ^^  ohler  showed  that  it  contained  both  nitrogen  and 
cyanogen  and  ascribed  to  it  the  formula  Ti(CX)o,  3Ti;;N_,.  Its 
specific  gravity  is  5.28,  and  it  is  highly  resistant  to  the  attack  of 
acids,  being  attacked  only  by  a  mixture  of  nitric  and  hydrofluoric 
acids. 

3.  THE  GEOLOGY  AND  MINERALOGY  OF  TITANIUM. 

Occurrence  and  Mineralogical  Forms  of  Titanium. — Titan- 
ium is  a  constituent  which  is  characteristic  of  certain  pyrogenetic 
compounds.  It  is  almost  ahvays  found  in  igneous  rocks  and  in 
the  sediments  derived  therefrom.  Clarke  ^^  states  that  out  of 
800  igneous  rocks  analyzed  in  the  laboratory  of  the  United  States 
Geological  Survey  784  contained  titanium.  The  commonest 
occurrences  of  titanium  are  as  ilmenite,  rutile,  titanite,  and  perof- 
skite;  and  it  is  also  often  concentrated  in  beds  of  titanic  iron 
ore.     The  element  enters  into  the  make-up  of  many  minerals,  but 

"Mixter,  W.  G..  Am.  Jour.  Sci.,  January.  1912.  vol.  iii  (ser  4).  pp.  45-48. 
^'^  Phil.  Trans.,  1823,  vol.  17. 

"Clarke,  F.  W..  "The  Data  of  Geochemistry."  Bull.  616,  U.  S.  Geological 
Surve}',  p.  21. 
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rather  rarely  in  anything;-  like  eonsiderable  quantity  in  any  given 
locality.  Jt  occurs  in  a  variety  of  mineralogical  forms,  mainly 
as  oxides,  titanates,  and  silico-titanates ;  further,  it  enters  into 
the  composition  of  many  silicates  as  well  as  certain  tantalates  and 
niobates.  As  the  oxide — chietly  rutile — titanium  occurs  in  some 
rock  maj^nias  comparatively  poor  in  base  formers  but  rich  in 
silicon.  Where  there  is  suflkient  calcium  and  titanium,  calcium 
titanate  {i.e.,  perofskite)  is  formed.  In  magmas  which  are  richest 
in  iron  and  leanest  in  silicon,  titanium  combines  wdth  ferrous 
iron  to  form  iron  titanate;  i.e.,  ihnenite.^^  Titanium  is  quite  fre- 
(piently  present  in  ferric  oxide — hematite — in  variable  amount, 
and  in  iron  ferrate;  i.e.,  magnetite.  It  is  often  found  also  in 
small  amounts  in  biotite.  augite,  amphiboles,  certain  varieties  of 
garnet,  and  in  some  other  silicate  minerals.  Traces  of  it  have 
iDcen  detected  in  trap  and  basalt.  Its  presence  has  been  observed 
in  mineral  waters,  in  many  clays,  occasionally  in  certain  coals,  in 
meteorites,  and  in  most  fertile  soils.  It  has  been  detected  in  the 
sun's  atmosphere  by  means  of  the  spectroscope.  Small  amounts 
of  titanium  have  been  found  in  certain  varieties  of  w^oods,  in  the 
ashes  of  all  plants,  ^^  and  bone,  -^  in  cowpeas,  and  in  cotton-seed 
meal.  The  titanium  minerals  given  in  Table  I  ^^  have  been 
recoo-nized  and  described  in  the  literature.  ]Manv  of  them  are 
rare  and  of  onlv  academic  interest. 


Table    I   (after  Watson  and  Taber). 
Titanium  Minerals.* 

Mineral  Composition  Contains  TiOz,  per  cent. 

Oxides: 

Rutile  t    TiOj   lOO 

Octahedrite 

(Anatase)    TiO..   lOO 

Brookite  f   .TiO.   lOO 

Titanomagnetite  Magnetite  (Fe304)  with  variable  TiOj.  .Variable  up  to  25 


"^  Iddings,  J.  P.,  "  Igneous  Rocks,"  1909,  vol.  i,  pp.  60,  64,  145. 
^  Wait,  Jour.  Am.  Chem.  Soc,  1896,  vol.  18,  p.  402. 
^  Baskerville,  Chas.,  Jour.  Am.  Chem.  Soc.,  1899,  vol.  21,  p.  1099. 
="  Watson,   T.  L.,   and   Taber,   S.,   Bull.   No.   iii-A,   Virginia   Geological 
Survey,  pp  10,  11. 

♦Compiled  from  Dana,  E.  S.,  "A  System  of   Mineralogy":  Hintze,  C,  "  Handbuch  der 
Mineralogie,"  and  other  sources, 
t  Varieties  omitted. 
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Taiii.k    1    (C'onliniiCil). 
Composition 


Contains  TiOj,  per  cent. 


Mineral 

Ilmcnite  f FeTiO: .  .  52.7 

I^^Tophanite    .  . .  MnTi(^:.  53.1 

( ieikielite   ^IRTi( ).>   O7.7 

Pcrovskitc CaTiOa    58.9 

Pseudobrookite.Fe4(TiO03    42.9 

Arizonite   r>,0.-,.3TiO..  or  Fe.Ti.,Oo    58.8 

Knopite    RO.TiOi-.   Closely  related  to  pcrovskitc. 

but  contains  cerium    64.1-58.7 

Iscrite  FeTisOs    69.5 

Titano-silicatrs: 

Titanite  t  .CaTiSiOc    40.8 

Schorlomite    . .  .3CaO.(Fe,Ti).  Os.  3(Si,Ti)0.   12.5-22.1 

Keilhauite    15  CaTiSiO..    (Al,Fe,Y)2(Si,Ti)0.  ....26.7-36.6 

Guarinite   CaTiSiOo    40.8 

Tscheffkinite  ...Related  to  keilhauite  but  uncertain.  ...  16.1-21. 2 

Astrophyllite    . .  (Na,K)4(Fe,Mn)4Ti(Si04)4    7-i-i3-6 

Aenigmatite  ....2Na,0.  9FeO.AlFeO.,  i2(Si,Ti)0,    ....   5.6 
Cossyrite    Similar  to   aenigmatite    Undetermined 

Yttrotitanite   . . .  See   keilhauite    •  See   keilhauite 

Lamprophyllite. .  Related   to   astrophyllite    Undetermined 

Neptunite    R.RTiSi40i2   18.1 

Johnstrupite    ...A  complex  silicate  of  the  cerium   met- 
als,   Ca    and    Na    chiefly,    with    Ti 

and   F    7-6 

IMosandrite    Very   near  Johnstrupite    5-3-9-9 

Rinkite  Near  Johnstrupite  and  mosandrite   ....13.4 

Ivaarite Similar    to    schorlomite    18.98 

Carlosite    Same  as   neptunite    18.1 

Benitoite BaTiSisOs    i9-3 

Lorenzonite  ..  .  .Na,(Ti02)Si207    35-2 

Yttrocrasite    ...  A    hydrous    titanajte    of    the    yttrium 

earths   and   thorium    497 

Delorenzite   ....2FeO.U02   2Y203.24Ti02    (?)     68.9 

Davidite TiOo  with  Fe,  U,  V,  Cr,  and  rare  earths.  50.0+ 


Narsarsukite 


Acid  titano-silicate  of   ferric  iron  and 
sodium   140 


Niobates  and 
Tantalates: 

Pyrochlore RNb206.R(Ti,Th)08.NaF    5-4-T3-6 

Aeschynite R2Nb40i3.R2(Ti,Th)50i3    21.2 

Polymignite    . .  .R(Nb,Ta)03)3.5R(Ti,Zr)03)3   18.9 

Euxenite    R(Nb03)8.R2(Ti03)8.  |HoO  20.0-23.5 


t. Varieties  omitted. 
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Tai'.i.i:    I    {^Coiiliiiiii'd). 
MiiuTiil                                               Composilidn                                  Contains  TiOi,  per  cent. 
Polycrasc    K(Xl)()a)..    2RaTi():,).3H.()    25.2-29.3 

P)l()mstraii(litt'    .A     niobatc,    tanlulalc    and    tilaiialc    of 

uranium     10.7 

Dysanalyte  <)KTi():,RNl)..().>    40.6-59.3 

Striiverite    l<cO(Ta,Cl))...()r..   6Ti()...    (?)     44-0 

Kpistolite    Nl),Or,.Si(),.TiO..Na.O.    H..O(^)     72 

BlomstraiuliiK'-   .Viohatcs   and    titanatcs   of    ^^    I''r,    Ce. 
Priorite    and    U     21.9-32.9 

Marignacite    .  . .  Same    as    pyrochlore    2.9 

Ilmcnorutile    .  . .  FeO,Nl),0:,.5TiO.    53.o-73-« 

Silicates: 

Ampbibole CaR:;(SiO;i)4.      Variable     amounts     of 

TiOo    As   mucb   as   8.5 

Pyroxene CaRCSiOs)::.       Variable     amounts     of 

TiOz As  mucb  as  4.6 

Biotite (H,K),(Mg,Fe),(Al,Fe),(SiOJ,.       Va- 
riable amounts  of  TiO-  Variable  up  to  4.7 

Lepidomelane  .  .  Iron    mica,    witb    variable    amounts    of 

TiO:; Variable  up  to  4.7 

Rosenbuschite..  .6CaSiO3.2Na.ZrO.F..(TiSiO...TiO.0    ....  6.9-7.6 
Titanolivine  ....Olivine     (Mg,Fe)jSi04     witb     variable 

TiO.   3.5-6.1 

Andradite Ca3Feo(Si04)3;  also  Ca3Fe^(Si,  Ti)04)3 

with   variable  TiO-   Variable  up  to  10.8 

Leucosphenite  ..Na.BaXTiOo)    (Si205)5   13.2 

Rhonite    (Ca,Na>K03Mg4Fe2Fe3Ab(Si.Ti),-,0,,o    .  .   9.5 

Miscellaneous: 

Hydrotitanite    ,  .  Altered  form  of  dysanalyte  82.8 

Warwickite    ....  Perhaps  6MgO,Fe0.2Ti0..3B203 23.5 

Zirkelite   (Ca,Fe)0.2(Zr,Ti,Th)0,    14.95 

Derbylite   6Fe0.5TiO,SbA    34.6 

Lewisite   5Ca0.2TiOi.3Sb205   11.7 

Mauzeliite 4(Ca,Pb)O.Ti022Sb205 7.9 

Hainite Composition    doubtful,    probably   allied 

to   mosandrite    Undetermined 

Seiiaite   (Fe,Pb)0.2(Ti,Mn)02.    Uncertain 57.2 

Titanium  Ores. — A  resurvey  of  the  titanium  ores  is  somewhat 
of  an  idle  ceremony;  however,  the  source  of  titanium  commer- 
cially is  confined  exclusively  to  the  titanium  ores,  there  being 
but  three  at  the  present  writing,  viz.,  rutile,  ilmenite,  and  titanif- 
erous  magnetite.  That  the  latter  has  immense  potentialities  is 
the  firm  conviction  of  a  number  of  metallurgists,  although  most 
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of  the  invcsli^^ations  Icadinj^^  towards  a  imiliod  for  their  utiliza- 
tion have  ended  ne^^ativcly.  Many  of  the  titanifcrous  magnetites 
are  too  low  in  titanium  content  lo  he  now  rej^^arded  as  ores, 
althou<;h  they  mii^ht  hecome  so.  As  already  alluded  to  in  the 
toregoin^^  titanium  is  (juite  extensively  distrihuted  in  sundrv 
mineraloi^ical  forms,  hut  the  only  ones  of  commercial  value  are 
those  just  mentioned.  A  i^reat  many  other  forms  of  titanium 
are  either  tcK)  rare,  or  too  complex  in  composition,  or  are  not 
found  in  sut^cient  quantity  to  he  of  value.  'J'heir  interest  chiefly 
is  an  academic  one.  To  consider  the  ores  of  titanium  specitically. 
it  is  found  that  of  the  many  oxides  of  titanium  occurrin<^  in 
nature  hut  (^ne  of  them  is  important  as  an  ore;  i.e.,  rutile. 

Rutilc. — This  mineral  occurs  as  a  ])yrogenetic  mineral  in 
eruptive  rocks,  hut  it  is  more  commonly  found  in  gneiss,  mica 
schist,  and  the  phyllites.  Rutile  is  also  found  as  a  secondary  min- 
eral, derived  from  ilmenite  and  titanite.  It  crystallizes  in  the 
tetragonal  system  commonly  in  prismatic  crystals  vertically  stri- 
ated or  furrowed,  and  often  acicular;  it  may  he  found  also  com- 
pact, massive  to  coarse  and  fine  granular.  Several  kinds  show- 
marked  and  frequent  twins.  Composition,  TiO^  when  pure. 
The  mineral  is  brittle,  with  a  hardness  of  6  to  6.5,  Mohr,  and 
specific  gravity  4.18  to  4.23  and  up  to  5.2  in  a  black  variety  with 
10  per  cent.  FeO.  The  cleavage  is  distinct  and  the  fracture  sub- 
conchoidal  to  uneven ;  lustre  is  adamantine  to  metallic.  Rutile  is 
usually  reddish-brown  in  color,  passing  into  red :  and  it  may  be 
black,  violet,  yellowish,  bluish,  and  very  rarely  grass  green.  The 
streak  is  pale  brown.  Rutile  contains  40  per  cent,  oxygen  and 
60  per  cent,  titanium.  \'anadium  in  disappearingly  small  amount 
and  iron  up  to  10  per  cent,  are  quite  often  present:  at  times 
chromium  and  tin  are  contained.  The  mineral  is  insoluble  in  acids 
and  non- fusible  under  the  blowpipe.  It  has  a  molecular  volume 
of  1 9. 1  and  a  molecular  weight  of  80. t.  As  referred  to  above, 
rutile  is  found  in  igneous,  metamorphic.  and  sedimentary  rocks. 
In  the  first  named  it  may  be  either  as  an  alteration  product  or  a 
pyrogenetic  constituent.  In  the  metamorphic  rocks,  such  as 
amphibolites,  phyllites,  gneisses,  and  mica  schists,  it  is  a  common 
constituent,  and  it  occurs  more  rarely  in  dolomite  and  granular 
limestone.  Emmons  -"'  states  that  rutile  is  formed  in  igneous 
rocks,  pegmatite  dikes,  contact  metamorphic  deposits,  deposits  of 

^Emmons.  W.  H..  "A  Genetic  Classification  of  Minerals."  Econ.  Geo!., 
1908,   vol.    iii.   p.   621. 
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the  deep  vein  zone,  and  as  a  product  of  dynamo-regional  meta- 
niorphisni.  Rntile  is  an  cxcecdini^ly  stal)le  mineral,  but  at  times 
alters  to  leucoxene.  Two  other  m()(lilicati(jns  of  titanic  oxide 
are  brookite  and  anatase.  Brookite  alters  into  rutile,  and  rutile 
into  ilnicnilc,  analaso.  and  sphene.  so  that  the  titanium  minerals 
are  tluis  closely  linked.  The  known  distribution  of  rutile  in 
commercial  deposits  is  limited  indeed.  The  uK^re  important  ones 
are  confined  to  two  localities  in  Vir<;inia,  I'.  S.  A.,  and  one  each 
in  Canada,  Europe,  and  Australia. 

Rutile  in  Norway. — The  most  important  locality  at  which 
rutile  occurs  commercially  in  Norway  is  near  Kragero,  on  the 
southeastern  coast.  As  mentioned  by  W.  C.  Brogger  and  T.  L. 
W'atson,^"*  the  rutile  here  occurs  in  a  large  aplitic  dike,  referred 
to  as  rutile  aplite.  A  thin  section  of  the  rock  examined  under 
the  microscope  shows  feldspar,  much  rutile,  quartz,  and  ilmenite 
in  subordinate  amount,  as  illustrated  in  Fig.  i. 

Fk;.  I. 


Kragerite,  a  rutile-bearing  aplite,  from  Kragero,  Norway.  Black  grains  and  crystals 
are  rutile,  light  areas  chiefly  sodic  feldspar  (albite-oligoclase).  >s'icols  crossed.  X  30  diameters 
and  reduced  one-half.     (After  Watson  and  Taber.) 

Rutile  in  Australia. — The  only  commercial  occurrence  of 
rutile  in  this  country  is  near  Mount  Crawford,  in  South  Aus- 
tralia, but  other  non-commercial  occurrences  are  knowm.  Little 
has  been  published  on  their  geology^  Hand  specimens  of  ore 
from  the  leases  of  one  F.  J.  Spence  show  chiefl}^  a  granular  mix- 
ture of  dark-red  rutile  and  light  silicate  minerals,  the  principal 
ones  of  which  include  sillimanite,  sericite,  quartz,  and,  infre- 
quently, feldspar.  Broken  and  mashed  sillimanite  fibres,  frac- 
tured rutile  and  quartz,  etc.,  are  some  of  the  pressure  effects  of 
metamorphism  revealed  in  the  thin  section,  illustrated  in  Fig.  2. 

Rutile  in  Virginia. — In  "  The  Geology  of  the  Titanium  and 

^*  Watson,  T.  L.,  "  A  Rutile-bearing  Rock  from  Kragero,  Norway,"  Am. 
Jour.  Set.,  1912,  vol.  xxxiv,  pp.   509-514. 
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Apatite  Deposits  of  X'irj^inia."  1>\-  'riionias  L.  W  ats<»n  and  Stephen 
Tabcr,  the  occnl■^ence>^  of  coninKTcial  rntile  ores  are  cleseril)e(l 
at  leiii^'th  and  in  a  niaslerly  manner;  any  nienli«>n   in   this  place 

1-u..  2. 


Rutile-bearing  pegmatite  (?)  from  South  Australia.  Black  areas  ruuk-,  light  areas  in  right 
half  of  figure  feldspar  and  quartz,  medium -gray  and  light  fibrous  areas  in  left  half  sillimanite. 
Nicols .crossed.'     X  30  diameters  and  reduced  one-half.     (After  Watson  and  Taber.) 

Fl(i.  3. 


Rutile-bearing  syenite,  American  Rutile  Company's  quarries  at  Roseland,  showing  rutile 
(the  two  dark  grains  in  upper  part  of  figure  and  the  mass  in  lower  half)  rimmed  by  the  alteration 
product  leucoxene.  >sote  the  same  alteration  product  filling  fracture  crossing  rutile  mass  in 
lower  half  of  figure.     Niccls  crossed.      X  30  diameters  (After  Watson  and  Taber.) 
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seems  snpertluous.  However,  siifticieiU  to  say  that  the  Virginia 
deposits  are  of  ])arlicnlar  interest  Ijecanse  of  their  scientific  and 
commercial  importance.  Ihev  arc  the  only  known  workable 
rutile  deposits  in  this  C(nnUry.     'J'he  rutile  area  of  Virginia  lies 

Fig.  4. 


Blue  quartz  in  syenite  filled  with  inclusions  of  rutile  needles, 
mine.    Nicols  crossed.     X  375  diameters  and  reduced  one-half. 


General  Electric  Company's 
(After  Watson  and  Taber.) 


in  Amherst  and  Xelson  counties,  about  half  way  between  Char- 
lotteville  and  Lynchburg.  Practically  the  entire  production  of 
rutile  in  the  state  has  been  turned  out  by  the  American  Rutile 
Company  at  Roseland :  the  mill  of  the  company  has  seen  more 

Fig.  5- 


Mill  and  surface  plant  of  the  American  Rutile  Company,  Roseland.    (After  Watson  and  Taber.) 

or  less  intermittent  operation,  due  to  market  conditions.  With- 
out Sfoino-  into  detail,  the  rutile-bearing  rock  of  the  American 
Rutile  Company's  property  is  a  syenite.  ■  A  micro-thin  section 
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(see  Fig.  3)  >li«>\\s  typicallx'  the  secondary  allcralioii  production 
leucoxene,  as  well  as  the  dark  rnliU'.  Uuiik-  as  niicnjscopic 
hairlike  inclusions  is  abundantly  dcx eloped  in  the  (|uartz  in  some 
places:  this  is  ty])ically  shown  in  h'ij^^  4.  Most  of  the  rutile 
mining  has  been  carried  on  by  the  American  Untile  Ctjmpany,  at 
its  Roseland  mill,  shown  in  Mg.  5. 

There  are  given  in  tabular  form  in  J'able  11  analyses  of  typical 
rutile  concentrates  produced  by  the  company.  The  concentrates 
naturally  fall  into  two  divisions  by  reason  of  their  treatment: 
viz.,  those  treated  by  magnetic  machines,  and  those  not  so 
treated.  'J1ie  difference  in  treatment  reveals  itself  in  the  analyses; 
those  concentrates  not  treated  magnetically  showing  low  titania 
and  high  iron,  and  zncc  versa. 

Table  II." 

Commercial  Analyses   (Partial)   of  Rutile  Concentrates  From  the  American 

Rutile  Company's  Property. 

Si02  Analyst 

....  Waller    and    Renaud,    New    York    City. 

1.20  General  Electric  Company's  laboratory, 

Schenectady,   X.   V. 

....  Waller   and    Renaud,    \e\v    York    City. 

....  Ricketts    and    Banks,   New    York   City. 

0.77  Waller   and    Renaud,    New    York    City. 

....  Ledoux  and  Company,  New  York  City. 

....  Simonds  and  Wainriglit,  New  York  City. 

0.51  Waller   and   Renaud,   New   York   City. 

....  Waller    and    Renaud,    New    York    City. 

....  Waller    and    Renaud,    New    York    City. 

....  Ledoux  and  Company,  New  York  City. 

....  Waller    and    Renaud,    New    York    City. 

....  Waller    and    Renaud,    New    York    City. 

....  Waller    and    Renaud.    New    Y'ork    City. 

....  Waller   and   Renaud,    New   York   City. 

1.95  Simonds  and  Wainright,  New  Y'ork  City. 

....  Ledoux  and  Company.  New  York  City. 

....  Waller   and    Renaud,    New    Y'ork    City. 

0.70  Waller   and    Renaud,    New    Y'ork    City. 

....  Ledoux  and  Company,  New  Y'^ork  City. 

....  \\'aller    and    Renaud.    New    York    City. 

....  Waller   and    Renaud,    New    York   City. 

0.44  Waller   and    Renaud.    New   York    City. 

....  Ledoux  and  Company,  New  York  City. 

....  Ledoux  and  Company,  New  York  City. 

....  Waller   and   Renaud,   New    York   City. 

"  Watson,  T.  L..  and  Taber,  S.,  "  Geology  of  the  Titanium  and  Apatite 
Deposits  of  Virginia."  Bull.  III-A,  Virginia  Geological  Survey,  p.   173. 


No. 

TiOi 

Fe. 

I... 

.    99.22 

0.44 

2.  .  . 

,  .    98.60 

0.40 

3-.- 

,.    98.4-' 

0.48 

4... 

•   97-54 

1.17 

5-  • 

.  .  96.50 

0.42 

6... 

.   95.18 

1.28 

/  •  •  ■ 

.  .  94.65 

2.15 

8... 

•  .   94-47 

2.76 

9... 

•  94-34 

4.05 

10. .. 

.   94.12 

1.58 

II. .. 

.  93.22 

2.26 

12. . . 

•  93-14 

4-40 

I3-.- 

.  92.94 

5.46 

14... 

.   91.24 

8.02 

i5--- 

.  90.58 

5.^2 

16... 

.  90.10 

^.01 

17... 

.  89.91 

3-46 

18... 

.  89.85 

8.85 

19... 

.  89.30 

7-33 

20.  . . 

.   89.08 

2.99 

21.  . . 

.  88.73 

7.06 

22. 

.  88.08 

9-45 

23... 

,.   87.16 

7-33 

24... 

.  86.18 

8.24 

25... 

.  85.90 

9.60 

26... 

.   85.60 

10.92 
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Iliitcnitc. — This  is  the  only  one  of  the  many  titanites  which 
is  important  as  an  ore  of  titanium.  It  is  a  heavy,  black  mineral 
crystallizing  in  the  hexagonal  system,  being  rhombohedral.  The 
chemical  composition  is  very  variable:  if  normal,  the  formula  is 
FeTiO..{,  corresponding  to  47.3  per  cent.  FeO  and  52.7  per  cent. 
TiOo.  There  is  an  isomorphous  series,  (Fe,Ti)^0.5,  with  varying 
amounts  of  iron  and  titanium  grading  down  to  hematite  (FcaO.^). 
Rarely  are  good  megascopic  crystals  of  ilmenite  observed;  the 
mineral  normally  is  seen  as  embedded  grains  and  in  masses, 
although  often  as  irregular  plates,  and  as  sand ;  e.g.,  in  the  black 
sand  at  Menachan,  Cornwall.  The  cleavage  is  obscure  and  the 
fracture  is  conchoidal.  Ilmenite  is  brittle,  with  a  hardness  of 
5  to  6  and  a  specific  gravity  of  4.5  to  5.0.  The  color  is  iron 
black,  but  it  occasionally  shows  a  brownish  or  reddish  tinge. 
The  streak  is  black  to  brownish-red.  Usually  it  is  slightly  mag- 
netic, but  not  always.  The  molecular  weight  is  152,  and  the 
molecular  volume  30.4.  In  nature,  ilmenite  is  widely  diffused, 
occurring  as  an  essential  constituent  in  diorite,  gabbro,  diabase, 
and  basalt,  and  related  rocks.  It  is  isomorphous  with,  or  occur- 
ring with,  hematite  in  granite  and  syenites. ^^  In  many  meta- 
morphic  rocks,  as  amphibolites,  mica  schist,  and  gneiss,  particu- 
larly, is  ilmenite  found.  According  to  Lindgren "'  and  Em- 
mons,^® ilmenite  is  formed  in  igneous  rocks,  in  pegmatites,  in 
contact  metamorphic  deposits,  in  deep  veins,  and  under  regional- 
metamorphic  actions.  The  mineral  has  been  little  investigated 
on  the  synthetic  side,  but  its  constitution  has  been  much  discussed. 

Titaniferous  Magnetites. — The  importance  of  the  titanium- 
bearing  magnetites  is  such  that  a  separate  division  of  this  writing 
immediately  following  is  devoted  to  their  consideration. 

4.  TITANIFEROUS  MAGNETITES. 

In  General. — American  and  other  ironmasters  are  confronted 
with  the  important  problem  of  the  reduction  on  a  large  scale  of 
titaniferous  magnetites  containing  titanium  in  large  amount. 
Large  bodies  of  easily  mined  titanium-bearing  magnetites  have 

^Clarke,  F.  W.,  "The  Data  of  Geochemistry,"  U.  S.  Geological  Survey, 
Bull.  616,  p.  348. 

"Lindgren,  W.,  "The  Relation  of  Ore  Deposits  to  Physical  Conditions," 
Econ.  Geo!.,  1907,  vol.  ii,  p.  125. 

^  Emmons,  W.  H.,  "  A  Genetic  Classification  of  Minerals,"  Econ.  GeoL, 
1908.  vol.  iii,  p.  621    et  seq. 
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been  discovered  from  lime  to  time,  and  a  voluiuinous  mass  ut 
contemporaneous  literature  is  at  hand  dealing;  with  their  j;eo- 
logical  occurrence  and  probable  economic  value,  'riie  approach, 
in  the  not  far  distant  future,  of  the  possible  exhaustion  of  the 
deposits  of  non-titaniferous  iron  ores,  and  the  use  in  blast-furnace 
plants  now  of  lower  tenor  iron  ores  than  formerly,  point  the 
way  to  the  necessity  of  some  time  turning  to  the  titanium-bearing 
material  for  smelting.  The  general  feeling  among  w(jrks  mana- 
gers is  that  iron  ores  containing  in  excess  of  one  per  cent,  of 
titanium  are  dilTficult  to  smelt  in  the  furnace,  in  spite  of  the 
demonstrations  of  Rossi  and  other  workers  to  the  contrary. 
It  appears,  according  to  the  experiments  of  Rossi,  that  titanium 
may  be  eliminated  by  producing  comparatively  fluid  titano-silicate 
slags.  Still,  there  is  little  hesitancy  on  the  part  of  furnace  men 
in  stating  that  they  cannot  change  their  practice  in  order  to  con- 
form to  such  requirements.  Dr.  J.  T.  Singewald,  Jr.,  in  an  able 
dissertation,^^  points  out  the  feasibility  of  using  the  concen- 
trates from  a  magnetic  process  for  treating  titaniferous  ores  in  a 
blast-furnace  mixture  wnth  high-grade  hematite.  The  reduction 
of  titanium-rich  ores  by  electric  smelting  is  a  problem  of  im- 
portance and  has  the  serious  consideration  of  those  interested  in 
their  being  used.  The  milling  problem  is  one  that  is  more  annoy- 
ing than  is  generally  supposed,  by  reason  of  the  manner  of  occur- 
rence of  the  titanium  in  the  ores.  Off-hand  it  would  seem  as 
though  magnetic  separation  would  effectively  separate  the  ilmenite 
and  the  magnetite.  Micrographic  examination  has  shown  that  the 
ilmenite  in  most  of  the  large  deposits  occurs  in  such  fine  inter- 
growths  that  a  clean  separation  of  the  two  minerals  cannot  be 
effected  by  any  method  employing  variation  in  their  physical 
properties.  In  a  word,  the  problem  is  metallurgical  and  involves 
a  direct  smelting  of  the  ores. 

Mineralogy  and  Geology  of  Titaniferous  Magnetites. — The 
manner  in  which  titanium  occurs  in  titaniferous  mao-netites  is  a 
question  of  importance:  it  is  one  which  has  l)een  discussed  at 
great  length,  and  one  on  wdiich  divergent  opinions  have  been 
expressed  with  great  freedom.  Previous  to  the  w^ork  of  Singe- 
wald ^^  there  had  been  but  little  systematic  scientific  attempt  made 

''Singewald,  J.  T.,  Jr.,  "The  Titaniferous  Iron  Ores  of  the  United 
States,"  Bull.  64,  Bureau  of  Mines,  1913. 

^  Singewald,  J.  T..  Jr.,  "  The  Microstructure  of  Titaniferous  Magnetites," 
Econ.  Gcol,  vol.  viii,  Xo.  3,  April-May,  191 3,  p.  207  ct  scq. 
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to  solve  the  prohlcin.  Sonic  writers  claimed  that  the  ores  were 
mechanical  ai^-^rei^ations  of  ma^metite  and  ilmenite;  others  stated 
that  the  titanium  was  a  part  of  the  magnetite  molecule,  replacing 
a  part  of  the  iron.  Rej^ardless  of  which  view  is  correct  at  this 
juncture,  let  it  he  said  that  the  (|uestion  is  one  of  keen  practical 
import,  and  not  one  merely  of  academic  interest.  If,  as  has 
heen  stated,  titanium  is  part  of  the  magnetite  molecule,  no  process 
of  mechanical  separation  can  successfully  work.  Tf,  on  the 
other  hand,  as  has  heen  claimed  hy  some,  the  ores  are  aggregates 
of  magnetite   and    ilmenite,   such   separation   is   possihle;   since 

Fig.  6. 


Lines  show  sections  of  minute  ilmenite  lamellae,  oriented  parallel  to  the  octahedral  face  of  the 
magnetite.      X  60  diameters.     (After  Singewald.) 

magnetite  is  strongly  magnetic,  and  ilmenite  only  feebly  so  or 
not  magnetic  at  all,  crushing  followed  by  treatment  on  a  mag- 
netic separator  should  separate  the  two.  A  great  many  experi- 
ments on  different  ores  have  been  made  employing  magnetic 
processes,  and  varying  degrees  of  success  have  been  obtained.  At 
any  rate,  the  tests  appear  to  indicate  that  the  ores  consisted  of 
aggregates  of  magnetite  and  ilmenite  to  a  varying  extent ;  they 
demonstrated  also  that  the  magnetite  grains  contained  titanium. 
Singewald  picked  out  grains  of  magnetite  so  separated,  showing 
no  ilmenite  intergrowths  on  etching,  and  found  by  analysis  that 
such  grains  showed  an  apprecial)le  titanium  content,  and,  in  one 
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Dot  interfirowths  of^ilmenite  showing  rectilinear  orientation  parallel  to  the  octahedral  magnetite 
cleavages.     X  60  diameters.     (After  Singewald.) 

Fl(i.    8. 


Lenticular  bands  of  magnetite  in  ilmenite.      X  60  diameters.     (After  Singewald.) 


488  J\()15i:kt  j.   Anjjkrson.  fJ.F.  I. 

case,  6.6  per  cent.  Ti.  'J'his  points  tu  the  existence  of  a  titano- 
niai;netite.  Singevvald  aptly  points  out  in  resume:  "  Titaniferous 
niai^netites  consist  of  granular  aggregates  of  magnetite  and  il- 
nicnite.  The  magnetite  is  usually  not  homogeneous,  but  contains 
minute  intergrovvths  of  ilmenite  in  both  regular  and  irregular 
orientation,  and  may  contain  a  considerable  percentage  of  titanium 
in  the  magnetite  molecule  itself." 

On  examination  of  black  magnetite  ores  under  the  micro- 
scope, it  may  be  readily  o])served  that,  in  some  cases,  they  are 
non-homogeneous  and  contain  minute  ilmenite  intergrowths.  The 
most  commonly  noted  forms  of  such  intergrowths  are  as  lines 
and  dots  showing  in  the  section.  Such  line  intergrowths  are  seen 
in  Fig.  6 ;  dot  intergrowths  showing  in  approximately  circular  out- 
line are  seen  in  Fig.  7.  Another  form  of  intergrowth  is  that 
noted  in  certain  Canadian  ores,  consisting  of  a  banded  lenticular 
arrangement,  seemingly  bands  of  magnetite  in  grains  of  ilmenite. 
According  to  Singewald,  the  structure  suggests  a  magnetite- 
ilmenite  eutectic  structure.  This  latter  is  strikingly  revealed  in 
Fig.  8. 

Occurrence  of  Titaniferous  Magnetites. — This  subject  has 
been  treated  at  length  in  the  current  technology  by  such  writers 
as  Johnson  and  Warren,^ ^  Jackson,^-  Wadsworth,^^  Dana,^* 
Keiiip,^^  Newland,36  Bayley,^^  Nitze,^^  Winchell,^®  et  al.     The 

*^  Contributions   to   the    Geology   of   Rhode   Island:    I.  "Notes    on  the, 
History  and  Geology  of  Iron   Mine  Hill,   Cumberland,"  by  B.  L.  Johnson. 
II.   "  The   Petrography   and    Mineralogy   of   Iron   Mine   Hill,    Cumberland," 
by  C.  H.  Warren;  Am.  Jour.  Sci.,  4th  ser.,  vol.  25,  January,  1908,  pp.  1-38. 

""  Jackson,  C.  T.,  "  Report  on  the  Geological  and  Agricultural  Survey  of 
the  State  of  Rhode  Island,"  1840,  p.  52. 

^  Wadsworth,  M.  E.,  "  A  Microscopic  Study  of  the  Iron  Ore  or  Peridotite 
of  Iron  Mine  Hill,  Cumberland,  R.  I.,"  Mus.  Comp.  Zool.,  Harvard  College 
Bull.  7,  1881,  pp.  183-187,  and  "  Lithological  Studies,"  Mem,  Mus.  Comp. 
Zool.,  Harvard  College,  vol.  ii,  1884,  p.  80. 

'*  Dana,  J.  D.,  "  Iron  Ore  of  Iron  Mine  Hill,  Cumberland,  R.  I.,"  Am. 
Jour.  Sci.,  3d  ser.,  vol.  xxii,  1881,  p.  152. 

"  Kemp.,  J.  F.,  "  The  Titaniferous  Iron  Ores  of  the  Adirondacks,"  19th 
Annual  Report  U.  S.  Geol.  Survey,  pt.  3,  1899,  pp.  377-422. 

^^  Newland,  D.  H.,  "  Geology  of  the  Adirondack  Magnetic  Iron  Ores," 
N.  Y.  State  Mus.  Bull.  119,  pt.  3,  1908,  pp.  152-156. 

"Vol.  7  of  the  final  report  series  of  the  State  Geologist,  38,  New  Jersey, 
1910. 

^  Nitze,  N.  B.  C,  "  A  Preliminary  Report  on  the  Iron  Ores  of  North 
Carolina,"  North  Carolina  Geol.  Survey,  Bull,  i,   1893. 

^  Winchell,  H.  V.,  "  Seventeenth  Annual  Report  of  the  Geological  and 
Natural  History  Survey  of  Minnesota,"  1888,  pp'.  80-81. 
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most  rccciU  suniniation  is  the  al)lc  treatise  of  Sin^ewald,  referred 
to  earlier  in  the  text.  Suftiee  it  to  say  that  the  deposits  are 
widely  dirfused,  btit  occur  in  workable  deposits  at  but  two  places 
in  this  country;  viz.,  those  at  Lake  Sanlord,  New  ^'ork,  and  at 
Iron  ^Mountain,  Wyoming.  The  ores  are  nearly  pure  aggregates 
of  magnetite  and  ilmenite,  the  roughly  estimated  tonnage  of  each 
running  into  millions  (no  accurate  estimate  has  been  made).  The 
other  titaniferous  iron  ores  in  the  United  States  cannot  l>e  figured 
as  sources  of  iron  for  many  years,  seemingly  almost  indehnite  at 
the  present  writing.  In  view  of  the  excellent  work  of  Singewald, 
it  appears  a  useless  task  to  recall  the  data  further  in  this  short 
work. 

Smelting  of  Titaniferous  Magnetites:  In  General. — In  spite 
of  prolix  discussion  at  periodic  intervals,  the  problem  of  smelting 
the  titaniferous  iron  ores  in  the  blast  furnace  as  yet  remains 
unsolved  to  the  satisfaction  of  most  metallurgists.  Most  realize 
that  such  ores  have  been  smelted  with  marked  success,  but,  in 
the  main,  the  consumption  of  fuel  for  their  reduction  has  been 
so  high  that  the  cost  is  well-nigh  prohibitive.  Ores  containing 
over  one  per  cent,  of  titanium  are  condemned  as  unsuitable  for 
part  of  the  blast-furnace  burden  mainly  on  account  of  the  high 
fuel  consumption,  and,  further,  by  reason  of  the  formation  of 
accretions  and  the  production  of  scaffolding  in  the  furnace, 
thereby  choking  the  operation.  A  hasty  survey  shows  that  the 
consumption  of  such  ores  has  greatly  fallen  off;  nor  is  this  to 
be  wondered  at,  in  view^  of  the  condition  of  the  iron  industry 
years  ago  and  now. 

Blast  Furnace  Smelting. — Disregarding  here  the  pros  and 
cons  of  the  question,  it  appears  that  the  titaniferous  ores  wall  in 
time  find  a  place  in  the  industry.  Their  great  tonnage  magnitude, 
as  w'ell  as  their  ease  of  workability  and  freedom  from  sulphur  and 
phosphorus,  makes  them  highly  desirable,  particularly  for  Besse- 
mer practice.  At  some  furnace  plants  in  Norway,  Sweden,  and 
England  titaniferous  iron  ores  were  smelted  as  such  in  late  years ; 
at  some  plants  titaniferous  ore  was  admixed  with  non-titaniferous 
material  to  form  the  smelting  charge.  The  deposits  at  Taberg, 
Sweden,  were  worked  extensively  for  a  number  of  years  over 
a  century  ago,  but  their  use  has  been  practically  abandoned  with 
the  introduction  of  the  modern  blast  furnace.  A  furnace  oper- 
ated at  Lake  Sanford,  New^  York,  for  sixteen  vears,  bes^inning 
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in  1840,  but  this,  too,  has  ceased  activities.  In  1873  ^^^^  Canadian 
Titanic  Iron  Conipanx'  buiU  two  blast  furnaces  near  Bay  St. 
Paul,  but  their  life  was  of  slunt  duration.**^  In  view  of  the  high 
fuel  consumption  (i.e.,  from  3000  to  6000  pounds,  approximately, 
of  charcoal  i)er  ton  of  iron),  it  is  surprising  that  the  work  lasted 
as  long  as  it  did.  Wherever  the  smelting  of  such  ore  has  been 
tried  the  process  has  been  a  perfect  technical  success,  but  the 
high  fuel  consumption  has  made  it  impracticable  commercially. 

In  this  country  the  indefatigable  investigator,  A.  J.  Rossi,  has 
made  a  thorough  study  of  the  problem  and  has  set  forth  his 
results  in  several  writings,  his  first  review  of  the  work  being 
given  out  in  tSqc."*^  Rossi  conducted  extensive  experiments 
w^ith  a  vievv^  to  making  the  smelting  of  titaniferous  magnetites  a 
commercial  success.  The  best  results  were  obtained  by  forming 
a  tribasic  slag  of  lime,  magnesia,  and  alumina.  The  ores  charged 
analyzed  from  about  18  to  20  per  cent.  llOo  and  yielded  good 
pig  iron  and  readily  fusible  slags  showing  proper  fluidity.  Rossi's 
later  experiments  were  particularly  conclusive ;  still,  no  attempts 
have  been  made  to  follow  out  his  lines  of  work  on  a  large  scale, 
and  the  ores  are  as  yet  in  bad  repute.  Rossi's  experiments  *- 
followed  those  first  carried  on  by  Forbes,^ -"^  who  was  connected 
with  the  iron  industry  in  southern  Norway;  i.e.,  they  w-ere  first 
for  the  purpose  of  finding  easily  fusible  titanate  slags. 

In  a  summation  of  the  results  of  his  work  Rossi  very  properly 
resumes : 

I.  "As  anybody  who  may  desire  to  make  the  experiment  can 
verify,  titanic  acid  can  form  definite  compounds,  perfectly  fusible, 
if  properly  fluxed,  containing  as  much  as  35  to  40  to  50  per  cent, 
of  titanic  acid,  with  alumina,  lime,  and  magnesia  as  bases,  and 
admissible  as  slags  in  blast-furnace  work.  Larger  percentages 
still,  such  as  65  per  cent.,  can  enter  into  a  compound  and  it  remains 
fusible.     The  objections  to  the  smelting  of  titaniferous  ores  on 

*•*  Harrington,  B.  J.,  "  Notes  on  the  Iron  Ores  of  Canada,  and  Their 
Development,"  Geol.   Survey  Can.,  Report  of   1873-74,  pp.  249-251. 

"  Rossi,  A.  J.,  "  Titanium  in  Blast  Furnaces,"  Jour.  Am.  Chem.  Soc, 
vol.  12,  1890,  pp.  90-117. 

"Rossi,  A.  J.,  "Titaniferous  Ores  in  the  Blast  Furnace,"  Trans.  A.  I. 
M.  E.,  1893,  vol.  21,  pp.  832-864,  and  "  The  Smelting  of  Titaniferous  Ores," 
Iron  Age,  i,  1896,  pp.  354-356  and  464-469. 

*''  Forbes,  David,  "  On  the  Composition  and  ]\Ietallurgy  of  Some  Nor- 
wegian Titaniferous  Iron  Ores,"  Chcm.  Xcivs,  1868,  pp.   275-276. 
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account  of  the  rofracton-  character  of  the  slag^s  arc  not  sustained 
by  our  practice  or  that  of  others,  or  l)y  direct  experiments  on  the 
properties  of  these  compounds. 

2.  **  ]n  ruiuiinjT:  a  furnace  under  special  conchtions  of  tem- 
perature and  pressure  of  l)last  no  troubles  have  been  experienced 
from  the  titanium  deposits.  We  never  observed  any  in  our  blast- 
furnace tests,  and  none  are  mentioned  l)y  Doctor  Forbes  in  his 
practice  in  England  and  Norway. 

3.  "If  these  special  conditions  of  lower  heat,  considered  more 
favorable  in  smelting  these  ores,  are  held  to  imply  against  them 
a  waste  of  fuel,  it  is  a  question  whether  this  is  not  offset  by  the 
smaller  amount  oi  cinder  to  melt,  the  lesser  quantity  of  fluxes 
necessary,  and  their  indirect  effect  upon  the  productive  capacity 
of  the  furnace,  as  well  as  the  greater  value  of  the  pig  metal 
obtained  for  specific  and  numerous  applications.  This  is  without 
taking  into  account  the  possibility  of  not  submitting  to  it  by  a 
rapid  driving  and  forcing  the  production,  conditions  which,  to 
judge  from  our  tests,  could  be  easily  realized  with  these  ores." 

Electric  Funiacc  Smelting. — Direct  smelting  of  iron  ores  bv 
an  electric  furnace  process  is  one  whose  full  potentialities  have  as 
yet  not  been  shown.  Tn  some  quarters  its  success  has  been  signal ; 
still  the  knowledge  in  toto  is  so  incomplete  that  final  conclusions 
cannot  be  drawn.  Experiments  with  the  electrical  reduction  of 
titaniferous  iron  ores  have  been  conducted  by  a  number  of 
workers  at  many  places,  but  particularly  of  late  bv  Eugene 
Haanel^^  in  Canada.  In  1907  a  series  of  experiments  was  per- 
formed on  an  ore  analyzing  17.82  per  cent.  TiO., :  the  experiments 
were  incomplete,  so  that  the  results  were  negative.  Rorchers  "^''' 
has  discussed  the  investigations  carried  out  at  his  Aachen  labora- 
tory. Tests  have  been  carried  on  here  for  over  twelve  years 
with  the  object  in  view  of  reducing  the  iron  and  recovering  the 
titanium.  Leyner,  in  1898-99,  and  Hupperty.  in  TQ04,  also 
worked  alon^-  similar  lines  in  Germany.     Gustave  Gin  '^^'  treated 


^  Haanel,  Eugene,  "  Report  on  the  Experiments  Made  at  Sault  Ste.  ^larie, 
Ontario,  under  Government  Auspices,  in  the  Smelting  of  Canadian  Iron  Ores 
by  the  Electrothermic  Process,"  Canadian  Department  of  ^Tines.  Mines 
Branch,  igo/,  pp.  85-86. 

*^Borchers,  W..  "Titaniferous  Iron  Ores:  Smeltino  in  tlie  Electric 
Furnace."'  Stahl  und  Eiscn.  May  4.  191 1.  p.  1706. 

*°Gin.  Gustave,  "On  the  Electrical  Reduction  of  Titaniferous  Iron  Ores," 
Trans.  Am.  FJcctrochcm.  Soc.  1907.  vol.  xi.  p.  291  ct  scq. 
Vol.  184,  Xo.  iioj — 2>^ 


49J  l\()Hi;Kr  J.   Axdkrson.  1.1.  F.I. 

tilanifcraus  iron  ores  from  Norway  in  the  electric  furnace  at  the 
electrochemical  plant  at  Jessains,  JJepartnient  of  Aube,  France, 
in  lyoi.  11  is  conclusions  from  the  experiments  are  that  the 
electrical  reduction  of  titaniferous  iron  ores  presents  no  special 
difficulties,  and  that  the  problem  is  a  question  of  abundant  and 
cheap  water  power. 

Stansfield  ^"  has  experimented  considerably  in  this  held,  and 
some  abstracted  remarks  from  his  writings  are  quoted : 

"  Although  the  possibility  of  the  electric  smelling  of  iron  ores 
for  pig  iron  cannot  be  definitely  settled  in  a  general  way,  there 
appears  to  be  every  probability  that  a  process  which  yields  steel 
instead  of  pig  iron  would  be  commercially  possible  in  favorable 
localities.  Steel  could  be  made  by  smelting  titaniferous  iron  ores 
in  an  electric  furnace  w^ith  a  somewhat  smaller  amount  of  char- 
coal than  would  be  needed  for  making  pig  iron,  and  the  resulting 
metal  could  be  transferred  in  the  molten  condition  to  an  elec- 
trical steel  refining  furnace,  where  it  could  be  made  into  finished 
steel.  The  cost  of  producing  the  crude  steel  from  the  ore  would 
be  a  little  more  than  that  of  producing  pig  iron,  and  the  cost  of 
refining  the  steel  w-ould  be  only  a  moderate  addition  to  this, 
while  the  price  obtainable  for  the  finished  product  would  be 
decidedly  higher  than  could  be  obtained  for  pig  iron. 

''  The  waiter  has  been  associated  with  ]\lr.  J.  W.  Evans  in  the 
development  of  a  process  in  which  the  reduction  of  titaniferous 
ores  to  metal  and  the  subsequent  refining  of  the  steel  is  carried 
out  in  a  single  furnace,  and,  while  the  details  of  the  furnace 
construction  and  certa'in  parts  of  the  operation  have  not  yet  been 
fully  w^orked  out,  the  results  have  been  so  encouraging  that  it 
appears  to  be  w^orth  while  to  develop  the  process  on  a  small 
working  scale.  With  regard  to  the  results  sO'  far  obtained,  it 
may  be  stated  that  titaniferous  ores  obtained  from  the  Orton 
mine  and  containing  about  7  per  cent,  of  titanium  have  been 
smelted  directly  to  steel,  and  that  such  steel,  containing  about 
one  per  cent,  of  carbon,  has  been  found  to  possess  unusually  good 
qualities  as  a  tool  steel.  The  cost  of  smelting  these  ores  and 
refining  the  steel  can  be  determined  fairly  accurately  from  the 
figures  published  in  regard  to  the  electrical  smelting  of  iron  ores  to 
pig  iron  and  the  electrical  refining  of  molten  steel.    These  figures 

"  Stansfield,  Alfred,  "  Electric  Smelting  of  Titaniferous  Ores,"  Can. 
Min.  Jour.,  vol.  2)3,  1912,  pp.  448-449. 
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arc  more  dcpciulaljle  llian  data  obtained  from  l!ic  small-scale  ex- 
perimenls  iliat  have  so  far  been  made.  The  writer  intends,  how- 
ever, in  the  near  future  to  make  further  experiments  on  the 
reduction  and  refining  of  the  steel  in  order  to  o])tain  direct  infor- 
mation as  to  the  cost  of  the  process. 

"  There  do  not  apjiear  to  be  any  deliuile  limits  as  regards 
the  percentage  of  titanium  in  ores  suitable  for  this  process,  but 
the  cost  of  smelting  will,  of  course,  increase  with  the  pnjportion 
of  titanium,  both  on  account  of  the  cost  of  iluxing  it  and  on 
account  of  the  smaller  proportion  of  steel  ol)tained.  it  seems 
probable,  therefore,  that  the  process  will  be  applied  to  ores  that 
do  not  contain  more  than  5  to  10  per  cent,  of  titanium.  Ores 
somewhat  richer  than  this  in  titanium  may  be  concentrated  mag- 
netically, so  as  to  obtain  a  product  which  shall  be  at  once  richer 
in  iron  and  poorer  in  titanium,  and  it  may  even  be  possible  in 
some  cases  that  the  tailings  from  such  a  concentration  process 
may  be  sufficiently  rich  in  titanium  to  be  smelted  for  ferro-titan- 
ium.  Some  ores  containing  too  much  titanium  for  steel  making 
are  not  amenable  to  magnetic  concentration,  and  these  may  be 
smelted  with  suitable  admixture  of  non-titaniferous  ores.  It  has 
been  found  that  the  electric  furnace  is  more  suitable  than  the  blast 
furnace  for  the  treatment  of  pulverized  ores,  and  that  magnetic 
concentrates  can  be  smelted  alone  or  with  the  addition  of  a 
moderate  proportion  of  coarser  ore. 

''  The  use  of  titaniferous  ores  for  making  tool  steel  would 
appear  to  be  very  advantageous  commercially,  but  cannot  be  ex- 
pected to  provide  for  a  large  consumption  of  these  ores,  and  it 
is  of  interest  to  consider  whether  the  process  can  be  applied  to 
the  production  of  steel  on  a  larger  scale.  One  purpose  for  which 
this  process  would  appear  to  be  very  suitable  is  for  the  production 
of  steel  castings.  A  good  deal  of  difficulty  is  experienced  in  the 
production  of  steel  castings  which  can  be  relied  upon  as  being 
entirely  sound,  and  ferro-titanium  is  used  in  some  cases  for 
producing  soundness  in  steel  castings.  It  seems  very  probable, 
therefore,  that  steel  made  directly  from  titaniferous  ores  will 
be  particularly  suitable  for  the  production  of  steel  castings,  and 
this  wall  aflford  a  larger  field  for  the  electric  smelting  of  these  ores. 
With  regard  to  the  use  of  this  process  on  a  still  larger  scale — for 
the  production  of  steel  rails,  for  example — the  writer  would  say 
that  there  appears  to  be  no  definite  reason  why  rails  should  not  be 
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made  1)\'  this  process,  but  would  not  care  to  speak  definitely  with 
regard  to  this  until  the  process  has  been  in  operation  on  a  working 
scale." 

h^roni  the  foregoing  it  nui}  Ije  (jbser\e(l  that  there  has  been 
no  dearth  of  workers  in  this  field  of  investigation;  the  reward  for 
the  solution  of  the  ])rol)leni  promises  to  be  rich. 

5.  USES  OF  TITANIUM  AND  ITS  COMPOUNDS. 

General  Slatciiuiit. — Certain  compounds  of  titanium  have 
long  enjoyed  use,  though  in  limited  amounts,  mainly  as  refractory 
coloring  agents  in  ceramics.  The  pure  element  has  not  been  used 
to  any  extent,  because  of  its  high  melting-point,  but  titanium 
alloys  have  of  late  found  rather  far-reaching  employment  in  the 
metallurgy  of  the  non-ferrous  metals,  as  well  as  in  iron  and  steel. 
Recent  developments  in  the  use  of  the  electric  furnace,  with  its 
concomitant  high  temperatures,  have  encouraged  the  exploitation 
of  processes  for  the  reduction  of  titanium  from  its  mineral  ores, 
as  \vell  as  the  manufacture  of  titanium  alloys  on  a  large  scale. 

A  better  classification  than  that  of  Watson  and  Taber  ^*  con- 
cerning the  useful  products  in  which  titanium  is  an  important  con- 
stituent can  scarcely  be  made,  viz. : 

A.  Metallic  alloys,  such  as  ferro-titanium  and  cupro- 

titanium. 

B.  Incandescent  media  for  lighting  purposes,  including 

gas  mantles,  arc-lamp  electrodes,  and  filaments 
for  incandescent  electric  lamps. 

C.  Mordants  and  dyes  for  leather  and  textiles. 

D.  Refractory  coloring   material    for   use    in   ceramics 

and  the  manufacture  of  artificial  teeth,  and 

E.  Miscellaneous. 

These  uses  are  considered  in  the  following  pages,  with  some 
attempt  to  allot  space  according  to  the  relative  importance  of  the 
same. 

A.  Metallic  Alloys  of  Titanium. ^ — Quite  a  large  number 
of  binar}^  and  a  few  ternary  titanium  alloys  have  been  investi- 
gated, but  the  only  alloys  on  the  market  for  commercial  con- 
sumption are  ferro-carbon  titanium,  ferro-titanium,  cupro-titan- 

^*  Watson,  T.  L.,  and  Taber,  S.,  Bull.  III-A,  Virginia  Geological  Survey, 
1913.  P-  271. 
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iuni.  and  manganu-titaniuni.  The  alloys  of  litaiiiuni  with  iron 
were  the  first  to  receive  marked  attention,  and  of  late  years  their 
use  has  increased  larji^ely,  particularly  hy  reason  of  their  being 
employed  as  puritiers  in  iron  and  steel  metallurgy,  i  he  present 
presence  of  titanium  as  an  active  agent  in  the  iron  and  steel 
industry  is  directly  due  to  the  labors  of  A.  I.  Ro.^si.  the  dean  of 
American  titanium  investigators,  who  has  devoted  some  thirty 
years  in  this  held.  In  Germany.  U.  Goldschmidt  brought  out  the 
first  successful,  practical  process  for  the  reduction  of  titanium 
from  its  ores  by  means  of  his  now  well-known  alumino-thermic 
method. 

Ferro-carbon  Titanium. — This  alloy,  for  use  as  a  final  de- 
oxidizer  in  iron  and  steel  metallurgy,  is  a  product  manufactured 
in  this  country  by  The  1  itanium  Alloy  Manufacturing  Company. 
Niagara  Falls,  X.  V..  and  it  is  a  development  resulting  from  the 
introduction  of  the  electric  furnace  for  ferro-alloy  production. 
Rossi's  work  leading  up  to  the  production  of  what  is  known  as 
ferro-carbon  titanium  is  summed  up  in  the  following:  In  1892 
he  secured  a  patent  pertaining  to  the  reduction  of  titaniferous 
ores  in  the  blast  furnace :  a  little  later  he  tried  to  produce  a  ferro- 
titanium  alloy  in  the  blast  furnace  and  crucible,  but  was  unable 
to  secure  an  alloy  showing  high  titanium  content.  Experimental 
work  conducted  with  the  electric  furnace  resulted  in  the  produc- 
tion of  a  commercial  ferro-titanium  alloy  for  use  in  steel  making. 
In  the  Rossi  process  the  reduction  takes  place  in  a  bath  of  alumi- 
num, the  aluminum  as  ingots  or  any  other  convenient  form  being 
melted  in  the  electric  furnace.  Pig  iron  or  scrap  iron  is  next 
added  to  the  charge,  and  then  rutile  is  introduced  into  the  bath : 
the  temperature  is  raised  to  such  a  point  necessary  to  start  the 
reaction  whereby  the  aluminum  combines  with  the  oxygen  of 
the  rutile.  The  rutile  is  thus  reduced  to  metallic  titanium  and 
alloys  with  the  iron.  The  resulting  alloy  is  practically  carbon- 
free. 

In  case  ilmenite  or  titanic  iron  ore  is  used  in  place  of  rutile. 
a  great  deal  more  aluminum  is  required  to  reduce  the  ferric  oxide, 
thus  increasing  the  cost  of  manufacture,  because  the  iron  can  be 
otherwise  more  economically  reduced.  Where  the  alloy  is  pre- 
pared by  reducing  oxide  of  iron  and  titanium  with  carbon  in  the 
electric  furnace,  the  product  will  contain  from  5  to  9  per  cent, 
carbon,  mainly  in  the  form  of  graphite.    Carbon  is  at  present  used 
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exclusively  for  the  reduction  by  The  Titanium  Alloy  Manu- 
facturing Company,  replacing  the  aluminum  bath  method,  once 
used.  Hie  process  is  described  at  length  in  letters-patent,  domes- 
tic and  foreign.  In  Rossi's  first  patent  '''-^  he  specified  the  reduc- 
tion of  titaniferous  ore  and  rutile  by  means  of  carbon  in  an 
electric-resistance  furnace  with  the  production  of  a  ferro-alloy 
containing  over  5  per  cent,  titanium  and  some  carbon,  the  reduc- 
tion occurring  in  a  bath  of  molten  iron.  Titaniferous  slag  was 
to  be  treated  in  the  manner  just  described  in  a  similar  patent.'''^' 
Two  years  later  he  patented  ^^  a  process  calling  for  the  reduction 
of  titaniferous  ores  in  a  bath  of  molten  reducing  metal  {e.g., 
aluminum),  as  alluded  to  above,  in  the  electric  furnace.  In  1901 
he  procured  a  patent  ^-  for  the  concentration  of  titanium  in  slag 
by  the  reduction  of  the  silicon  and  iron  of  a  titaniferous  ore  with 
carbon,  the  temperature  of  operation  to  be  below  the  fusion  point 
of  titanium  oxide  (TiOg). 

At  one  plant  ferro-carbon  titanium  is  produced  commercially 
in  a  Siemens  electric  furnace  of  500-kilowatt  size.  Titaniferous 
ore,  or  slag,  or  rutile  is  introduced,  mixed  wnth  the  proper  amount 
of  carbon,  onto  the  top  of  a  molten  bath  of  scrap  iron  or  steel. 
The  reduction  takes  place  in  the  arc,  and  the  product  is  tapped 
ofif.  The  titaniferous  ore  charged  has  this  analysis:  34.36  per 
cent.  TiOo,  50.53  per  cent.  FeO,  4.14  per  cent.  SiOs,  and  2.20 
per  cent.  AI2O3.  Slag  from  the  process,  if  high  in  titanium,  is 
recharged.  The  product  obtained  from  the  reduction  analyzes  10 
to  15  per  cent.  Ti,  5  to  8  per  cent.  C,  and  0.35  to  i.oo  per  cent. 
Si.  If  this  alloy  be  refined,  employing  rutile  as  a  decarbonizing 
agent,  a  product  is  secured  analyzing  10  to  15  per  cent.  Ti,  0.35 
to  1.00  per  cent.  Si,  and  less  than  i  per  cent.  C.  In  order  to 
cut  down  the  titanium  lost  through  volatilization,  Rossi,  in  a 
late  patent, ^^  calls  for  the  introduction  of  lime  (CaO)  onto  the 
molten  iron  bath,  following  this  with  titanic  oxide,  lime,  and 
carbon;  this  causes  a  reaction  with  the  reduction  of  metallic 
titanium  as   follows : 

Ti02  -f-  CaO  -h  5C  =  Ti  -h  CaG  -}-  3CO 


^'U.  S.  Patent  No.  609,466,  August  23,  1898. 
"  U.  S.  Patent  No.  609,467,  August  22>,  1898. 
"U.  S.  Patent  No.  648,439,  May  i,  1900. 
"U.  S.  Patent  No.  668,266,  Feb.  19,  1901. 
'^U.  S.  Patent  No.  1,019,528,  March  5,  1912. 
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The  merit  of  ferro-carbon  titanium  and  its  use  in  iron  and 
steel  metallurgy  will  be  dealt  with  a  little  later  on. 

Fcrro-titaniitDi. — By  ferro-titanium  is  meant  the  binary  alloy 
free  from  carbon  as  produced  l)y  the  (ioldschmidt  Thermit  Com- 
pany. As  already  alluded  to,  a  process  by  Rossi  accomplishes  the 
same  thing.  Both  processes  depend  on  the  strong  reducing  power 
of  metallic  aluminum.  In  the  Goldschmidt  process  the  metallic 
oxides  which  are  to  be  reduced  are  mixed  with  aluminum  in  the 
proper  amounts,  both  oxides  and  the  metal  being  in  a  fmely  pow- 
dered state.  Ignition  w^ith  a  fuse  brings  some  point  of  the  mix- 
ture to  the  temperature  at  which  aluminum  and  oxygen  combine. 
Once  started,  the  reaction  proceeds  to  completion  with  the  con- 
comitant reduction  of  the  oxides.  The  high  cost  of  aluminum 
pow^der  and  the  difficulty  of  securing  a  pure  product  are  objec- 
tions to  the  process.  The  reaction  which  takes  place  is  according 
to  the  following: 

3  TiO.  +  4  Al  =  3Ti+2AL03 

The  reaction  may  also  be  started  over  a  molten  iron  bath  by  the 
heat  thereof.  The  product  produced  by  the  Goldschmidt  thermit 
process  contains  from  5  to  6  per  cent.  Al  alloyed  with  the  titan- 
ium. This  alloy  has  been  used  for  a  number  of  years  in  many 
European  steel  works  as  a  final  deoxidizer  in  casting  practice. 
In  a  late  patent  ^^  granted  to  Drs.  Hans  Goldschmidt  and  O. 
WqH,  of  Germany,  assigned  to  the  Goldschmidt  Thermit  Com- 
pany, alloys  higher  in  titanium  are  made.  The  purpose  of  these 
alloys  is  to  provide  a  modicum  for  adding  a  higher  percentage  of 
titanium  to  iron  and  steel  baths,  thereby  overcoming  otherwise 
alleged  objections  to  low  titanium  content  alloys.  These  alloys 
contain  15  to  35  per  cent.  Ti,  1.5  to  3.5  per  cent.  Al,  and  the 
remainder  Fe.  The  aluminum  lowers  the  melting-point  of  the 
titanium  by  combining  therewith  to  form  a  titanium-aluminum 
alloy,  the  alloying  qualification  being  thereby  increased,  so  it  is 
stated.  The  titanium  alloys  when  made  by  the  alumino-thermic 
process  are  more  expensive  than  those  made  in  the  electric  fur- 
nace, and  this  is  a  cogent  factor  militating  against  their  use. 

The  Ferro-carbon  Titaniinn-Ferro-titanium  Controversy. — 
Noting  what  has  been  said  regarding  the  two  alloys  {i.e.,  ferro- 
carbon  titanium  and  ferro-titanium)  being  used  in  the  metallurgy 

"U.  S.  Patent  No.  1,136,670,  April  20,  1915. 
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of  iron  and  steel  and  l)eing  manufactured  by  rival  companies,  it 
is  no  small  wonder  that  the  teclinical  press  has  been  deluged  with 
arguments  as  to  their  merits,  in  view  of  the  importance  of  the 
subject,  the  merits  of  the  two  alloys  will  be  dealt  with  here. 
Before  setting  forth  the  respective  claims-  of  the  supporters  of 
each,  it  would  seem  that  the  whole  q'uestion  hinges  on  the  matter 
of  alleged  carbides  in  the  electric-furnace  product,  which  have 
been  claimed  to  prevent  its  ready  solution  in  steel,  so  that  it 
would  not  appear  in  that  light  to  do  the  work  of  the  carbon-free 
alloy.  Yet  there  does  not  appear  to  be  over  0.25  per  cent.  01 
combined  carbon  in  the  alloy  containing  as  much  as  9  per  cent, 
carbon.  The  carbon  is  mostly  in  the  form  of  graphite,  and,  on 
adding  the  alloy  to  the  steel  or  iron,  part  of  the  carbon  combines 
with  the  iron,  forming  Fe-^C,  iron  carbide,  while  the  remainder  is 
removed  in  the  slag  by  rising  to  the  surface  of  the  bath. 

At  any  rate,  metallurgists  have  practically  all  agreed  that  the 
use  of  a  small  percentage  of  titanium  in  some  form  is  of  benefit 
to  iron  and  steel,  and  to-day  titanium  alloys  are  used  in  practically 
every  grade  of  steel,  both  low  and  high  carbon,  alloy  and  other 
special  steels,  and  in  iron.  Doctor  Goldschmidt  ''^  has  made  the 
statement  that  the  carbon-free  metals  dissolve  with  greater  ease 
than  those  same  metals  containing  carbon,  because  the  carbon  is 
present  in  the  form  of  carbides  in  the  latter.  Charles  V.  Slocum 
found  that  the  carbon- free  alloy  was  not  at  all  adapted  to  the 
metallurgy  of  iron  and  steel  in  the  role  of  a  deoxidizer  and 
purifier.  The  company  he  is  connected  with  was  forced  to  pro- 
duce an  alloy  containing  5  to  8  per  cent,  carbon  for  this  use. 
According  to  ]Mr.  Slocum,  the  Rossi  interests  early  put  on  the 
market  a  carbon-free  ferro-titanium  alloy  which  was  illy  received 
by  users,  and  which  was  a  complete  failure.  The  cause  of  this 
is  attributed  to  the  presence  of  the  aluminum,  w^hich  not  only 
made  the  steel  brittle,  but  also  tended  to  the  formation  of  oxides, 
which  were  retained  as  inclusions  in  the  metal. 

In  this  country,  what  is  referred  to  by  the  trade  as  "  titanium 
alloy  "'  is  usually  the  f  erro-carbon  titanium  alloy  of  The  Titanium 
Alloy  Manufacturing  Company.  The  alloy  contains  from  5  to 
8  per  cent,  carbon,  mostly  in  the   form  of  graphite,   the  com- 

^  Goldschmidt,  Hans,  "  The  Melting-point  and  its  Relation  to  Alloying 
Capacity."  Met.  and  Chcm.  Eng.,  191 1,  vol.  ix,  p.  348. 
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billed  carhon  l)cin«;  pn-scMU  in  small  aiiionni  m  tact.  clisa|)pcar- 
ingly  so.  Analyses  ,«j^ivi'n  in  ral)]e  111  sIk.w  tlu-  relative  anioiiiits 
of  combined  and  urapliitie  earbnn  made  < >n  h.nr  samples  of  the 
alloy. 

Tahli-:  111. 

Analyses  of  Ferro-carhon   Titanium  * 

Sample  Graphite  Combined  carbon 

1  9.601  01 47 

2  9- 1 79  o  120 

3  7012  0.130 

4  6.234  0.1 18 

♦After  The  Titanium  .-Mloy  Manufacturing  Company,  Niagara  Falls,  \.  Y. 

The  alloy  of  the  above  company  is  (rnaranteed  to  contain  at 
least  15  per  cent,  titaninm  and  has  an  avera<:::e  analvsis  as  follows: 

I'erro-carbon    litaniHni. 

Silicon    1 .4 1   per  cent. 

Titanium 1 5.79  per  cent. 

Carbon    7.4O  per  cent. 

Manganese    o.  11    per   ccTit. 

Aluminum    0.80  per  cent. 

Phosphorus    0.05  per  cent. 

Sulphur     0.08  per  cent. 

Iron    (by  difference)    74-30  per  cent. 


100.00  per  cent. 

It  is  held  by  some  that  titanium  acts  much  as  does  sibcon  in 
the  manner  of  throwing  carbon  out  of  combined  form  into  the 
graphitic  state,  and  there  is  no  ground  for  the  belief  that  the  car- 
bon present  in  the  triple  alloy  is  mainly  there  as  combined  carbon. 
George  B.  \\'aterhouse,''^  who  has  used  considerable  quantities 
of  this  alloy  in  Lackawanna  practice,  draws  attention  to  an 
interesting  incident:  Iron  for  the  production  of  malleable  cast- 
ings was  treated  in  the  ladle  with  a  titanium  alloy,  and  the  poured 
metal  showed  on  fracture  a  white  border  from  i  to  1.25  cm.  thick 
and  a  gray  centre,  indicating  the  presence  of  graphite;  the  same 
metal  not  so  treated  showed  a  fracture  perfectly  white,  with  very 
little  gray  in  the  centre.  The  density  of  deoxidizers.  used  as  the 
titanium  alloys  are  used,  has  an  important  bearing  on  their  proper 
incorporation  in  the  molten  bath.  The  density  of  the  to  to  15  per 
cent,  ferro-carbon  titanium  is  from  6.20  to  6.40,  being  approxi- 
mately the  same  as  the  Goldschmidt  product. 

**  The  Lackawanna  Steel  Company.  Buffalo,  X.  Y. 
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In  support  of  the  other  alloy,  lV>ctor  Goldschmidt  claims 
that  the  ferro-titaniiim  c()ntainiii<,^  aluminum,  as  made  by  his 
company,  is  a  far  better  and  more  eflicient  ai^ent  than  the  lower 
percentage  titanium  alloy  containing  carbon.  His  contention  is 
that  the  aluminum  is  requisite  and  essential.  In  replying  to 
Mr.  Slocum's  remarks  in  a  discussion  in  the  proceedings  ^'  of 
the  American  Electrochemical  Society,  he  states  that  the  ferro- 
titanium  alloy  which  contains  no  aluminum,  or  only  very  little, 
alloys  with  the  steel  with  great  difficulty.  It  appears  that,  in 
1897,  the  Goldschmidt  interests  placed  a  35  to  40  per  cent,  titan- 
ium allo}^  on  the  market,  which,  it  is  claimed,  did  not  find  a 
ready  sale,  nor  was  a  similar  low-percentage  alloy  a  success 
commercially.  The  alloy  containing  one  part  Al  to  three  to  four 
parts  Ti  w^as  finally  evolved  and  is  now  one  of  the  principal  prod- 
ucts of  the  Goldschmidt  Thermit  Company.  Doctor  Goldschmidt 
holds  that  the  aluminum  is  a  necessary  constituent,  and  that  it 
has  a  triple  function,  viz.,  first,  the  titanium  alloys  with  the  steel 
with  greater  readiness  if  aluminum  is  present;  second,  the  titanic 
acid  which  is  formed  in  the  molten  bath  is  difficult  of  fusion, 
as  is  alumina,  also  produced  by  the  addition  of  aluminum  to  a 
bath,  but  W'hen  both  are  introduced  together  a  titanate  of  alum- 
inum is  produced  which  is  more  readily  fusible;  third,  the  alum- 
inum serves  the  purpose  of  deoxidizing  the  steel  before  the 
titanium  is  brought  into  action,  and  the  titanium  is  not  called 
upon  to  do  the  work  of  rough  deoxidation  which  the  aluminum 
is  better  able  to  do. 

The  Goldschmidt  product  has  the  following  average  analysis : 

Silicon I  to  1.5  per  cent. 

Titanium    25  per  cent. 

Carbon    nil 

Manganese    nil 

Aluminum    5  to  6  per  cent. 

Phosphorus    0.05  per  cent. 

Sulphur     o.oi  per  cent. 

Iron  (by  difference)    balance 

Cnpro-titanhnn. — Cupro-titanium  is  manufactured  by  the 
Rossi  process,  and  calls  for  the  reduction  of  rutile  in  a  bath  of 
aluminum  to  which  copper  has  been  added  for  the  purpose  of 
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vol.  XX,  pp.  265-279. 
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alloying  with  the  reduced  titanium.  The  method  is  otherwise  the 
same  as  the  process  for  the  production  of  ferro-carbon  titanium. 
Of  course,  ilmenite  cannot  l)e  used  as  a  source  of  the  titanium, 
as  the  product  can  contain  no  iron.  Experiments  are  still  in 
progress  to  improve  and  reduce  the  cost  of  prtxlucing  cupro- 
titanium,  and  the  alloy  has  not  as  yet  been  exploited  in  the 
commercial  field  to  any  degree. 

Mangano-titaniiiiii. — This  is  a  titanium  alloy  brought  out  by 
the  Goldschmidt  interests  for  use  as  a  deoxidizer  in  bronze 
practice.     The  alloy  contains  from  30  to  35  per  cent,  titanium. 

B.  Incandescent  Media. — One  of  the  most  important  uses 
to  which  both  metallic  titanium  and  some  of  its  compounds  have 
been  put  is  for  incandescent  media  for  illumination.  Certain 
of  the  titanium  compounds  have  been  employed  in  the  manufac- 
ture of  arc-lamp  electrodes,  of  filaments  fc^r  incandescent  lamp 
use,  and  of  gas  mantles.  The  worth  of  the  metal,  either  ele- 
mental or  in  the  form  of  some  of  its  compounds,  in  this  field,  is 
directly  due  to  their  elevated  fusion  and  vaporization  tempera- 
tures and  to  their  radiation  efficiency.  The  General  Electric 
Company,  at  its  Schenectady  works,  carried  on  extensive  experi- 
ments for  a  number  of  years  with  material  for  arc-lamp  elec- 
trodes. The  results, ""^  which  were  withheld  for  commercial  rea- 
sons for  a  number  of  years,  showed  that  substances  containing 
titanium  gave  the  highest  efficiency.  In  1890  the  first  patent 
in  the  United  States  was  procured,  calling  for  the  use  of  a  titan- 
ium compound  in  arc-lamp  electrodes,  while  prior  to  this  date 
(1878)  Thomas  A.  Edison  secured  an  English  patent  for  the 
use  of  titanic  oxide  for  the  same  purpose.  Rutile  has  been 
employed  to  a  considerable  extent  in  recent  years  in  arc-lamp 
electrode  work,  and  it  is  claimed  that  such  electrodes  are  superior 
to  carbon  electrodes,  particularly  for  street  lighting.  The  one 
disadvantage  is  that  they  cannot  be  used  on  alternating-current 
systems.  A  patent  was  procured  in  1907  ^^  for  an  arc-light  pencil 
consisting  of  a  metallic  titanium  alloy,  as  ferro-titanium.  The 
light  is  yellowish  to  white  in  appearance.  Still  more  recently  a 
large  number  of  patents  have  been  secured  calling  for  the  use  of 
titanium  carbide.     Electrodes  made  of  titanium  carbide,  either 

"  Weedon,  W.  S.,  "  The  Titanium  Arc/'  Trans.  Amer.  Electrochem.  Soc, 
1909,  vol.  xvi,  p.  217  et  seq. 
"'U.  S.  Patent  No.  840,634. 
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alone  or  admixed  with  other  materials,  have  found  some  appli- 
cation, and  a  great  deal  of  time  and  research  has  been  expended 
with  the  work.  These  electrodes  in  action  are  comparatively 
free  from  the  unpleaasnt  hissing  of  the  carbon  electrodes,  and 
they  are  further  very  steady  and  more  durable. 

Besides  the  compounds  already  mentioned,  titanium  suboxid." 
has  been  used  in  electrode  manufacture.  The  question  of  titan- 
ium for  use  in  arc-lamp  electrodes  has  been  treated  most  par- 
ticularly by  W'eedon,  Ladoff,  ^'^  Little,  ^^  and  Barrows.^-  Titan- 
ium has  been  employed  in  the  filaments  of  incandescent  lamps  of 
late,  but  these  filaments  as  yet  have  not  found  w'idespread  appli- 
cation because  of  technical  difficulties  connected  with  the  manu- 
facture of  the  wires.  There  is  considerable  paucity  of  data  on 
this  particular  subject  because  of  the  commercial  aspect  of  the 
business,  and  it  would  not  be  surprising  if  the  results  were  with- 
held for  as  long  as  those  pertinent  to  the  use  of  titanium  in  arc- 
lamp  electrodes. 

C.  Mordants  and  Dyes. — For  use  in  the  dyeing  industry, 
titanium  was  first  exploited  in  England.  In  general,  the  ous  salts 
of  the  metal  are  powerful  mordants  which  produce  brilliant  and 
stable  colors.  The  company  first  interested  in  the  work  produced 
titanium  ammonium  oxalate  from  rutile  by  a  complex  and  costly 
process  which  defeated  the  object  in  vie\v.  A  number  of  titanium 
salts  have  been  tried,  but  titanium  potassium  oxalate  (TiOC204, 
K2C2O4.  H2O)  is  the  only  one  used  extensively  in  the  dyeing 
and  textile  industries.  The  compounds  of  titanium  which  have 
been  successful  find  a'pplication  as  mordants  and  dyes  for  wool, 
cotton,  and  mixed  goods,  as  well  as  paper.  Titanous  chloride 
(TiCl,.}),  titanous  sulphate  (Ti2 (804)0),  and  a  double  sulphate 
of  titanium  and  sodium  (Ti2(  804)0.  Na2S04.  sHoO)  have  been 
produced.  The  first  t^vo  have  found  application  in  the  textile 
industries  and  are  manufactured  on  a  large  scale  both  in  this 
country  and  on  the  continent  of  Europe.  Salts  of  titanium  have 
also  been  used  in  dyeing  leather  for  shoes,  and  do  not  embrittle 
the  leather  as  is  the  case  with  salts  of  iron. 

®' Ladoff,  Isador,  "The  Titanium  Arc,"  Jour.  Ind.  and  Eng.  Chem.,  1909, 
vol.  i,  No.  10. 

*^  Little,  George  M.,  *'  New  Developments  in  Arc-lamp  and  High-efficiency 
Electrodes,"  N.  E.  L.  A.,  Washington  meeting,  1907. 

^^  Barrows,  W.  E..  Electrical  lUnminating  Engineering. 


<->^'i  • '9'7  I  Thk   Mkiai.i.iucv  of  TrrAMiM 


?'K\ 


P.     IvI-.FKArroKV    roioKINc.    M  AIIKIAl.    I\    C'kRAMICS,    KTC. 

KiiliU'  is  cni})K)yc(l  in  tlu-  porcelain  indnstry  to  produce  a  line 
yellow  cok)r,  the  sliade  ol  color  imparled  depending  upon  the 
amount  used.  Kutile,  because  of  its  relative  cheapness,  has  there- 
fore supplanted  uranium  compounds,  which  are  Uh)  expensive  for 
commercial  use.  The  mineral  alst>  thids  application  in  the  mami- 
facture  oi  artificial  teeth  to  produce  the  color  desired  for  match- 
iui;-.  In  dental  practice,  when  artificial  teeth  are  lo  he  mounted, 
the  teeth  adjoining  are  matched  with  standard-colored  teeth. 
Kutile  gives  the  desired  shade  and,  in  the  ])a>tc  from  which  the 
teeth  are  moulded,  varies  from  0.5  to  4  or  5  i)er  cent. 

E.  Miscellaneous  Uses. — Titanium  compounds  have  some 
other  limited  uses  not  already  mentioned,  as  follows:  Kutile 
crv.stals  have  been  used  for  gems  in  jewelry  mountings.  Titan- 
ium nitride  has  been  proposed  as  a  basis  for  nitrogen  and  ferti- 
lizer manufacture,  but  has  not  been  employed  commercially  as 
yet.  Titanium  dioxide  has  found  application  as  a  protective  paint 
for  iron  and  steel,  while  the  sesquioxide  fTioO.^)  and  its  salt 
derivatives  have  been  employed  in  textile  work  as  reducing  agents. 
Other  uses  are  instanced  in  the  technical  press,  but  are  of  not 
sufficient  note  to  record  here. 

6.   TITANIUM   IN  THE  METALLURGY  OF   STEEL. 

General  Stateuicnt. — The  important  question  arises:  Has 
titanium  really  any  influence  on  the  properties  of  steel?  The 
question  ^^  has  been  invariably  answered  in  the  affirmative  by 
authorities  because  of  the  incontrovertible  evidence  brought  out 
by  actual  experiment  and  that  gleaned  from  the  probably  trust- 
worthy literature  on  the  subject.  For  some  reason  or  other, 
there  unquestionably  exists  considerable  skepticism.  It  is  the 
purpose  of  the  following  paragraphs  to  collate  the  more  authori- 
tative thought  regarding  the  matter  in  order  to  demonstrate  that 
the  addition  of  titanium  to  steel  has  an  important  influence  on  its 
properties,  and  that  its  use  is  to  be  recommended  to  steel  makers 
who  have  any  regard  for  the  quality  of  their  product. 

Titanium  in  the  form  of  one  of  its  ferro-alloys  is  used  rather 
widely  at  present,  and  its  use  tends  to  increase,  although  there 
has  been  some  falling  off  in  its  employment  for  the  treatment  of 

^  Fitzgerald,  F.  A.  J.,  "  Has  Titanium  Any  Influence  on  the  Properties 
of  Steel?"  Met.  and  Chcni.  Eng.,  January,  1915,  vol.  13,  p.  28. 
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Besscmcr-rail  steel.     As  a  liiial  deoxidizcr  and  denitrogenizer  in 
llie  iiR'tallurgy  of  steel,  it  follows  the  usual  treatment  for  these 
objects  with  ferro-manganese,  or  spicgeleisen,  and  ferro-silicon. 
Leading  metallurgists  seem  to  agree  that  titanium  achieves  its 
remarkable   results  through   its  strong  deoxidizing  powers,   to- 
gether with  its  effect  of  giving  the  slag  sufficient  fluidity  to  com- 
pletely  separate   it    from   the   metal.      The  presence   of   titanic 
oxide  (TiOo)   lowers  the  fusion  point  of  occluded  slags  in  iron 
and  steel  and  thereby  imparts  the  lluidity  which   will  account 
for  their  elimination.^^     The  statement  that  occluded  oxides  and 
gases,  such  as  ferric  oxide  (FeoO...),  ferrous  oxide,  (FeO),  free 
oxygen  and  nitrogen,  etc.,  are  undoubtedly  the  real  causes  of 
many  of  the  difficulties  of  steel  makers  needs  scarcely  be  made. 
A  great  deal  of  data  has  been  secured  pertinent  to  the  disastrous 
effects  of  sulphur  and  phosphorus;  that  the  effect  of  the  former 
has   been   overdrawn   is   demonstrated   by   the   recent   work   of 
Unger  ^^   and   Hayward.^^     In    fact,   many   metallurgists   have 
agreed  for  years  that  the  harmful  influence  of  sulphur  was  indeed 
mythical  at  times;  i.e.,  within  certain  limits.     The  fact,  however, 
that  both  occluded  oxygen  and  nitrogen  in  steel  reduce  its  static 
strength  and  dynamic  properties,  and  otherwise  injure  it,  has 
been  definitely  shown.    The  feeling  is  that  free  oxygen  and  oxides 
are  more  harmful  to  steel  than  either  phosphorus  or  sulphur 
within  certain  quite  wide  ranges.     The  investigations  regarding 
the  presence  and  eft'ect  of  nitrogen  are  incomplete,  and  the  re- 
sults, therefore,  are  uncertain.     The  presence  of  nitrogen  to  the 
extent  of  0.02  to  0.025  ^^  0-045  P^^  cent,  in  certain  steels  is 
enough  to  cause  them  to  break  asunder,  destroying  all  elongation 
and  reduction  of  area.^"^     Some  experiments  made  in  the  research 
laboratory  of  a  mid-western  steel  plant  ^®  showed  that  certain 
large  percentages  of  nitrogen  could  be  readily  incorporated  into 
ingot  iron,  and  that  there  occurred  a  resultant  great  brittleness 
of  the  metal;  in  fact,  in  some  cases  the  iron  could  be  pulverized 
in  the  fingers. 

•"  Stoughton,  B.,  U.  S.  Pat.  Office,  Proc.  Ser.  No.  463,610. 

^^  Unger,  J.  S.,  "  High  and  Low  Sulphur  in  Basic  Steel,"  Iron  Age,  Janu- 
ary 13,  1916,  p.  146. 

'« Hayward,  C.  R.,  "  The  Effect  of  Sulphur  on  Low-carbon  Steel,"  Bull 
A.  /.  -1/.  E.,  October,  1916,  p.  1841  et  seq. 

"  Le  Chatelier,  H.,  Paper,  Congress  of  Metallurgists,   Belgium,  1905. 

®^  Private  communication,  June,   1916. 
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The  ^rcat  aHuiity  of  (>xyi;cn  and  litaiiiiini  is  an  ahsolulcly 
sure  niclhod  for  coniplolcly  dcoxidizini;  a  slccl,  tlu-  a<lvanta^es 
of  which  need  no  elaboration.  It  has  been  proved  that  an  ingot 
of  steel  containinj^  a  very  little  titanium  will  be  i)ractically  free 
from  segregation.^''  Bessemerized  and  Tropenas-converted  steels 
are  known  to  contain  the  greatest  percentage  of  occluded  oxides 
and  gases,  with  open-hearth,  crucible,  and  electric-furnace  steels 
following  in  the  order  named.  The  reason  for  this  lies  in  the 
mode  of  manufacture.  Titanium  has  a  strong  chemical  aftinity 
for  oxygen  and  will  remove  traces  of  it  from  the  metal,  which 
otherwise  do  not  yield  to  the  ordinary  deoxidizers  with  their  con- 
comitant carburizing  reactions.  Its  apparently  unique  property 
of  removing  occluded  oxidized  substances  by  causing  them  to 
separate  more  readily  avoids  the  most  harmful  effects  common 
to  steel  products.  Titanium,  in  removing  nitrogen,  is  one  of 
the  very  few  elements  which  attacks  this  relatively  inert  gas.  The 
fact  that  titanium  tends  to  lessen  segregation  of  steel  ingots  may 
well  be  believed  because  of  the  well-known  influence  in  this  respect 
of  agents  which  deoxidize  and  thus  quiet  a  wnld  metal. "^ 

Until  recent  years  titanium  was  regarded  as  a  rare  metal ;  its 
use,  although  it  was  known  to  be  one  of  the  most  potent  of  de- 
oxidizers and  denitrogenizers,  was  prohibited,  by  reason  of  high 
cost,  until  the  exploitation  of  the  ferro-alloys.  These  alloys,  as 
already  stated,  are  produced  by  two  different  methods :  first,  the 
electric-furnace  process  of  A.  J.  Rossi;  and,  second,  the  alumino- 
thermic  process  of  Dr.  Hans  Goldschmidt.  The  function  of  the 
alloys  made  by  both  processes  is  the  same.  Titanium  appears  to 
exert  little  direct  effect  on  the  constitution  or  structure  of  the  steel 
itself.  Althotigh  it  lowers  the  Afg  point,  it  has  little  influence  on 
either  Aro  or  Ar^.  and  steels  with  as  much  as  10  per  cent.  Ti 
exhibit  the  normal  pearlitic  structure  of  straight  carbon  steels. 
Besides  its  use  as  a  superpurifier  for  rail  steel,  titanium  is  finding 
application  in  the  treatment  of  steel  and  iron  rolls  where  resist- 
ance to  abrasion  and  shock  is  thereby  said  to  be  increased;  for 
steel  castings  in  foundry  practice ;  for  both  low^  and  high  carbon 
steel  chain;  for  gears,  pinions,  tires,  die  plates  and  heads,  pro- 
peller shafts,  driving  rods  and  other  f orgings :  for  tool  and 
automobile  steels :  for  cast-iron  ingot  moulds ;  for  acid  pots,  and 

•^Von  Maltitz,  E.,  Stahl  iind  Eisen,  No.  41,  1909. 

"  Waterhouse,  George  B.,  Proc.  A.  S.  T.  ^L,  1910,  vol.  x,  pp.  201-211. 
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chillcd-iroii  car  wheels.  It  is  also  said  to  improve  the  qualities 
of  nickel  and  chromium  alloy  steels,  as  well  as  manganese  steel. 
The  use  of  titanium  in  small  quantities  in  manganese  steel,  in 
particular,  jjromises  to  give  results  of  great  value.  Manganese 
steel  containing  i  i  per  cent.  Mn,  one  per  cent.  C,  and  a  small 
amount  of  titanium — up  to  0.40  per  cent. — is  readily  forged 
and  rolled  and  can  be  machined  with  comparative  ease.  Such 
steel  is  extremely  hard,  and  yet  very  strong  and  tough,  having 
a  tensile  strength  of  from  65  to  70  tons  per  square  inch  and 
an  elongation  of  45  per  cent,  on  a  2-inch  length. 

How  Titanium  is  Used  in  Steel  Metallurgy. — The  modern 
method  of  employing  titanium  as  a  final  deoxidizer  and  denitro- 
genizer  is  to  augment  the  incomplete  cycle,  after  the  other  de- 
oxidizers  have  been  added,  by  using  one  of  the  ferro-titanium 
alloys.  The  other  deoxidi/.ers  may  be  added  either  in  the  furnace 
or  in  the  ladle,  but  it  is  best  that  the  titanium  alloy  be  added  in 
the  ladle,  and,  further,  that  time  be  given  for  the  titanium  to  com- 
plete its  clarifying  action.  Thus  the  ladle  will  l)e  held  for  live 
to  ten  minutes  before  pouring,  so  that  the  entrained  slag  formed 
may  have  time  to  rise  to  the  surface.  There  is  no  opportunity 
for  the  bath  to  chill  by  thus  holding  it,  because  the  titanium 
action  is  exothermic,  the  temperature  of  the  metal  being  appre- 
ciably raised.  Titanium,  by  combining  with  oxygen  with  the 
production  of  titanic  oxide  (Ti02),  has  a  heat  of  formation  of 
218,000  calories.  The  cost  of  treatment  of  steel  with  ferro-car- 
bon-titanium  (the  Rossi  product)  varies  from  about  25  cents  to 
$2  per  ton  of  metal  treated.  It  is  the  cheapest  deoxidizer  above 
the  grade  of  ferro-manganese  or  ferro-silicon.  At  the  prices 
which  ferro-manganese  has  reached  in  the  past  year  (i.e.,  from 
$200  to  $450  per  ton,  tidewater)  it  is  a  cheaper  deoxidizer,  W'hen 
it  is  considered  that  American  steel  makers  use  about  19  pounds 
of  the  manganese  alloy  per  ton  of  steel  produced.  The  amount 
of  the  titanium  alio}-  to  be  added  is  normally  very  small  and 
should  be  proportioned  according  to  the  amount  of  impurities 
present. 

A  broad  dictum  says,  ''  Make  the  steel  in  the  furnace."  The 
deoxidation  of  the  steel  is  best  performed  in  the  ladle.  Regarding 
the  addition  of  the  titanium  alloys,  these  are  best  added  to  the 
ladle  of  steel  after  tapping  from  the  furnace  and  before  the 
slag  has  begun  to  run.    For  open-hearth  steel,  the  supply  of  alloy 
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is  placed  at  a  com  cnicni  >pnt  and,  ai  the  prupcr  lime,  shovelled 
ill.  For  soil  iiidd  steel,  an  adtliiion  eciuivalenl  lo  about  0.03  per 
cent,  of  titaninin  is  enoui^di  to  do  the  work  recpiired,  under  normal 
conditions.  Jn  general,  larger  amounts  effect  increased  benelils, 
but,  in  the  case  of  the  carbon-bearing  titanium  alloy,  they  cannot 
be  added  because  of  the  introduction  of  too  nuich  carbon  thereby, 
and  also  because  of  the  density  imparted  to  the  .steel,  which  in- 
creases in  proportion  to  the  alloy  addition  and  consecjuently  is 
not  always  desirable.  Jn  the  case  of  high-carbon  steels,  the  in- 
creased density  is  more  often  desired  and  larger  amounts  of  the 
alloy  can  l)e  used. 

In  Lackawanna  practice  in  making  open-hearth  steel,  ferro- 
manganese  and  ferro-siHcon  are  added  to  the  ladle,  as  is  normal 
practice  in  the  United  States.  These  alloys  are  added  as  soon 
as  the  ladle  bottom  is  covered  with  hot  metal  from  the  tap,  and 
the  titanium-alloy  addition  follows  as  soon  as  possible.  As 
already  mentioned  in  the  preceding  paragraph,  the  titanium  addi- 
tion is  to  be  made  before  the  slag  begins  to  run,  otherwise  it  is 
difficult  for  the  alloy  to  get  down  through  the  slag  covering  on 
top  of  the  bath.  The  same  thing  is  true  for  ferro-manganese 
and  ferro-silicon  also — the  essential  requisite  is  to  incorporate 
the  alloys  with  the  steel  and  not  with  the  slag.  Further,  the 
titanium  alloy  must  not  only  be  thoroughly  incorporated  with  the 
metal  bath,  but  it  is  highly  important  that  sufficient  time  be 
allowed  for  the  chemical  changes  to  take  place.  The  oxides  that 
are  formed,  and  the  different  gases  or  compounds,  or  whatever 
they  ma}'  be.  must  be  given  time  to  separate  from  the  steel  and 
rise  into  the  slag.  What  has  just  been  said  for  open-hearth 
practice  applies  in  general  to  Bessemer-converting  practice.  In 
the  latter,  the  spiegeleisen  and  ferro-manganese  are  added  to  the 
converter;  then,  as  the  steel  is  being  poured  into  the  ladle,  the 
titanium  alloy  is  added :  the  ladle  is  then  held  for  a  few  minutes 
before  teeming  the  steel  into  ingots. 

In  Bessemer  Practice. — In  the  Bessemer  process  the  titanium 
alloy  should  be  shovelled  into  the  stream  of  metal  which  is  being 
poured  into  the  ladle,  the  steel  having  been  recarburized  in  the 
converter  prior  to  pouring,  as  is  normal  procedure.  Inasmuch 
as  the  titanium  reacts  vigorously  with  molten  silicate  slags,  it  is 
strongly  recommended  that  it  recei\e  the  maximum  amount  of 
stirring  with  the  metal  before  much  of  the  slag  begins  to  run. 
Vol.  184.  No.  1102 — t>6 
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othcrw  isr  nnicli  of  it  will  be  wasted.  In  order  to  elTect  a  cluirn- 
\n<r  and  stirrin,i(  of  the  metal  so  that  the  titanium  allo\-  is  thor- 
onj:(hly  incor])orate(l,  it  appears  expedient  to  allow  the  molten 
stream  to  strike  the  ladle  a  little  off  eentre,  so  that  the  batli 
receive  a  gyratory  stir.  After  the  alloy  is  ])roperly  mixed,  it  is 
best  to  hold  the  ladle  for  a])out  three  to  five  minutes  so  that  the 
titanium  may  have  time  to  complete  its  action  and  remove 
most  of  the  dissolved  oxygen,  nitro<(en.  and  entrained  oxides 
and  slai^.  The  titanium  alloy  screened  through  a  0.125-inch 
screen  and  packed  in  convenient  sized  cans  is  recommended  for 
Bessemer  practice  or  for  Tropenas  converting. 

(7^0  be  continued) 


The  Utilization  of  Pyrite  Occurring  in  Illinois  Bituminous 
Coal.  E.  A.  H0LP.R00K.  (  University  of  Illinois  Bulletin,  vol.  xiv, 
No.  51,  August  20,  1917.) — The  mineral  ])yrite  (or  probably  its 
name  is  marcasite )  occurs  in  nearl}-  all  Illinois  coals  as  char- 
acteristic brassy  yellow  colored  streaks,  thin  plates,  lenses,  nodules, 
bands,  or  balls  of  all  sizes,  sometimes  up  to  10  or  12  inches  in 
thickness.  In  the  ordinary  course  of  mining,  pyrite  is  rejected  as  a 
deleterious  impurity.  When  pure,  j^vrite  contains  more  than  50 
per  cent,  of  sulphur,  and  when  the  nearly  pure  mineral  is  ])roperly 
burned  or  roasted,  the  sulphur  dioxide  gas  resulting  forms  the 
basis  for  the  manufacture  of  sulphuric  acid.  In  normal  times  the 
commercial  supply  of  sulphuric  acid  is  obtained  as  a  by-product 
of  the  roasting  and  refining  of  zinc,  lead,  or  copper  ores,  which 
contain  sulphur.  The  prohibition  against  undue  atmospheric  pollu- 
tion in  the  neighborhood  of  smelters,  due  to  the  formation  of  sulphur 
dioxide,  has  often  made  its  recovery  a  matter  of  necessity  not  regu- 
lated entirely  by  market  demands  for  the  resulting  sulphuric  acid. 

In  normal  times  in  the  United  States  the  market  for  pyrite  has 
been  irregular  and  has  been  limited  to  small  areas  near  the  points 
of  production  and  utilization,  owing  to  the  fact  that  high  freight 
rates  have  operated  against  extensive  distribution.  Moreover, 
Spanish  pyrite  has  normally  been  imported  easily  and  cheaply  to 
the  extent  of  a  million  tons  or  more  per  year,  usually  in  vessels 
which  would  otherwise  return  to  America  in  ballast.  Since  the 
beginning  of  the  European  war  the  supply  of  Spanish  pyrite  has 
been  largely  cut  off,  and  under  present  market  conditions  (July, 
1917)  a  clean  pyrite  product  is  worth  three  or  four  times  as  much 
per  ton  as  the  coal  wath  which  it  occurs.  A  series  of  experiments 
conducted  on  a  commercial  scale  has  shown  that,  where  pyrite 
occurs  in  sufficient  quantities  to  justify  its  recovery,  a  50-ton  plant 
may  be  designed  to  serve  a  single  mine  or  group  of  mines  which  will 
yield  a  profit  of  about  $75  per  day,  or  $1.50  per  ton  of  raw  pyrite, 
with  an  initial  capital  cost  of  about  $18,000.  The  market  for  domes- 
tic pyrite  is  active  and  prices  as  high  as  $8  per  ton  are  offered. 


DEVELOPMENT  AND   PROGRESS   IN   AVIATION 

ENGINES.- 
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HENRY  SOUTHER,  Consulting  Engineer, 

Major.  Aviation  Section.  Signal  (orps.  U.  S.  Arniv.  War  Department.  (  hief.  Aircraft 
Engineering  Division,  Washington,  D.  C. 

TiiK  art  of  aviation  and  the  industry  oi"  l^uilding  airplanes, 
eni^ines,  and  accessories,  to  meet  the  demands  of  ilie  art.  are  now- 
going  forward  with  wonderful  strides.  Commercial  usage  as 
well  as  war  usage  begins  to  attract  the  attention  of  the  aeronautic 
engineer. 

It  is  interesting  to  refer  back  a  few  years  iu  the  Joluxai.  of 
The  Franklin  Institute,  dated  October,  1910,  and  learn  to 
appreciate  the  rapidity  of  change  in  the  art.  Reference  is  made 
therein  to  a  "  useful  load  of  450  pounds,  including  three  pas- 
sengers." This  weight  is  the  equivalent  of  alx)ut  75  gallons  of 
gasoline,  which  is  less  than  the  amount  required  for  four  hours' 
Inght  of  a  two-passenger  airplane  of  recent  design  and  construc- 
tion. Xearly  twice  this  volume  of  gasoline  is  now  carried,  with 
two  passengers  and  150  pounds  additional  useful  load. 

Reference  is  made  to  airplane  flying  altitude:  '*  Prominent 
aviators  who  undertake  a  cross-country  flight  select  their  course 
with  care  and  maintain  a  very  high  altitude."  '*  Lambert,  who 
ordinarily  does  not  seek  high  altitudes,  in  soaring  over  Paris, 
was  obliged  to  ascend  to  a  height  of  more  than  1600  feet." 
In  the  war  zone  danger  is  now  imminent  below  16,000  feet 
altitude.  Much  flying  is  necessary  at  greater  altitudes.  Peaceful 
cross-country  flying  is  done  at  what  are  now  called  safe  altitudes 
of  from  3000  to  7000  feet.  From  such  altitudes  it  is  probable 
that  a  suitable  landing  area  could  be  reached  in  case  of  need. 
\\"'ith  a  "  dead  "  engine  the  angle  of  glide  is  about  six  to  one. 
This  means  that  a  six  miles  radius  circle  is  available  for  a  choice 
of  landing  from  an  altitude  of  one  mile. 

Duration  of  flight  is  referred  to  as  follows :  *'  Present-day 
flights  are  no  longer  measured  in  minutes."  "  The  hour  has 
been  exceeded  by  mariy  pilots.''     "  The  aeroplane  will  enter  the 

*Presented  at  a  meeting  of  the  Mechanical  and  Engineering  Section,  held 
Thursday,  March  i,  191 7. 
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i'lclcl  ol'  louriii^i^'."     All  tin's  and  more  is  now  true  after  a  period 
of  six  years. 

Aviation  engine  weit^ht  per  horsepower  delivered  has  not 
eliant^ed  much;  l)ut  eni;ines  are  more  reliable,  more  eflkient  and 
stronj^er,  and  heavier  where  experience  has  taught  the  need.  The 
term  "  weight  per  horsepower  "  is  a  loose  one.  There  are  many 
parts  that  may  or  may  not  be  considered  as  a  part  of  the  engine  of 
the  power  plants  to  be  included  in  the  weight.  Some  twenty-eight 
or  thirty  items  have  been  found  in  this  doubtful  class.    The  weight 


Reconnaissance  airplane  and  pilot  (Carlstrom)  that  made  Chicago-New  York  flight. 

(Curtiss  Model  JN4.) 

of  gasoline  and  oil  consumed  per  hour  is  figured  by  some  as  an 
element  of  engine  weight.  It  does  influence  the  design  of  the 
airplane  as  a  whole.  It  must  be  known.  For  example,  the 
rotary,  air-cooled  engine,  although  very  light,  about  tw^o  pounds 
per  horsepower,  is  outclassed  by  heavier  engines  if  the  airplane 
must  fly  more  than  three  hours.  The  rotary  engine  consumes 
too  much  gasoline  and  oil  per  horsepower-hour  for  long  flight. 

Broadly  speaking,  it  may  be  said  that  the  w^eight  may  safely 
vary  from  two  to  five  pounds  per  horsepower.  This  will  include 
the  w^eight  of  magneto,  carburetor,  and  wiring.     Other  elements 
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of  llic  power  plant,  siicli  as  water,  water  pij)!!!;;.  (»il  in  the  engine 
and  the  propeller,  are  not  iiulnded. 

An  engine  wliicli  ranks  \cr\  hi<;li  idr  speed,  climbing,  and 
cndnrance  weiglis  j.4  pounds  per  li(  ^rseixiwer.  This  engine  is 
high  strung  and  delicate,  hut  very  effecliNe.  Many  types  of 
engines  are  in  practical  use.  There  is  an  e\  er-changing  idea  as 
to  the  proper  function  for  each  type,  and  a  constant  shifting  of 
opinion  of  one  engine  to  another  of  any  given  tvi)e.  as  to  the 
superiority.  Any  iniproxenient  of  design,  material,  or  workman- 
ship may  result   in  temporary  superiority.      Competition   in   this 


Sterling-Sunbeam  300-horsepo\ver  engine,  r2-cylinfler,  V  type. 

matter  is  keen.  All  sorts  of  daring  expedients  are  tried  under 
war  pressure.    The  result  is  rapid  change  and  rapid  improvement. 

The  future  one  may  not  predict.  The  probable  status  six 
months  hence  is  only  speculation.  It  is  certain  that  greater  horse- 
powders  are  appearing  for  all  types  and  sizes  of  airplanes.  The 
result  is  increased  speed,  climb,  and  load-carrying  capacity.  There 
seems  to  be  no  limit  to  this  increase  except  that  imposed  bv  lack 
of  experience.  This  lack  is  being  made  good  very  rapidly  just 
now  by  war  conditions. 

About  a  year  ago  it  was  thought  that  no  more  than  90  horse- 
power could  be  obtained  from  a  radial  rotary,  air-cooled  engine. 
One-third  more  has  been  obtained,  and  nearly  double  is  now 
planned. 
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Similar  iiii])rM\  ciikmiI  is  l)(.'iiij4  1)r()nL;hl  about,  1)\  cx])cricnce,  in 
olluT  ciii^iiK's.  An  ci^lil-c\  lindcr,  V-type  engine  now  develops 
consistently  Jio  horsepower.  Six  months  ago  it  did  not  function 
as  consistently  at  180  horsepower.  There  has  l)een  no  radical 
change  of  design  or  size. 

Experience  has  been  the  teacher.  No  internal-combustion 
engine  of  new  and  extreme  design  can  l)e  brought  to  a  condition 
of  practical  excellence  in  less  than  a  year,  and  often  two 
years.  Yet  partially  developed  engines  must  be  purchased  and 
used  or  there  will  never  be  complete  development. 

The  next,  and  very  important,  step  is  the  development  of 
organizations  that  can  really  manufacture  an  aviation  engine  or 
airplane,  rather  than  build  a  few  models,  or  a  dozen  or  two  nearly 


Curtiss  V2  ,  type  3,  200-horsepower  engine,  8-cylinder,  V  type.     Front  end. 

alike.  This  is  a  task  that  wnll  easily  occupy  another  year  of  con- 
sistent endeavor.  At  least  one  aviation  manufacturing  organiza- 
tion finds  itself  in  this  state  of  development.  The  building  nucleus 
of  men  must  be  expanded  into  a  manufacturing  force.  The  prod- 
uct must  be  adapted  to  practical  methods  of  manufacture,  to 
existing  tools,  and  standards,  so  far  as  possible.  Otherwise  no 
quantity  production  mav  be  expected. 

This  has  been  proved  many  times  in  other  industries.  The 
aircraft  industry  is  not  different.  In  fact,  it  is  astonishingly  sim- 
ilar to  the  motor-car  industry  as  found  during  its  beginning  and 
early  grow^th. 

Perfection  would  be  approached  bv  having  each  plant  pro- 
ducing aviation  material,  as  engines  or  airplanes,  so  organized 
and  equipped  as  to  manufacture  one  type  only  and  do  that  w^ell. 
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This  coiulilioii  w  ill  be  l)r(niL;lu  about  by  a  consistent  demand  or  in 
response  to  a  pressing;  need.  A  jjroper  foundation  for  such  a 
development  is  now  bein*;-  laid  by  the  same  enj^dneerinj:^  bod\  that 
assisted  in  the  amazing  j^rowth  of  the  niotor-ear  industry — 'The 


Curtiss  V2,  type  3,  200-horsepou-er  engine,  S-cylinder,  V  type.    Rear  end. 

Society  of  Automotive  Engineers  (recently  Automobile,  but  ex- 
panded to  include  closely-allied  industries,  of  which  aviation  is 
one).  Its  standards  and  engineering  practices  will  creep  into  the 
new  industry  as  thev  did  into  the  older  one. 


5U 
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It  is  ditVicull  to  discuss  aviation  without  mentioning  the 
Wright  Brothers.  They  developed  nuich  knowledge  of  flying 
without  an  engine  by  gliding  exi)erinients,  and  then  sought  an 


engme. 


At  the  outset  of  the  autonujljile  indu.^tr}'  the  jjow^er  estimated 
as  necessary  was  too  small.  Practical  tests  indicated  that  three 
horsepower  w^ould  suffice,  with  a  generous  factor  of  safety. 
History  repeated  itself.  Orville  Wright  recently  stated  that  an 
eight-horsepower  engine  was  figured  as  necessary.  Such  an 
engine,  not  to  exceed  200  pounds  in  weight,  w^as  scmght  in  the 


Curtiss  ox  lOO-horsepower  engine,  8-cylinder,  V  type.     Rear  end. 

open  market.     This  occurred  in  1903,  and  none  w^as  offered  that 
was  w^orth  considering. 

The  Wrights  then  built  a  four-cylinder  4  x  4-inch  engine  that 
did  w'eigh  less  than  200  pounds.  This  engine  developed  12 
horsepower  and  actually  flew  an  airplane.  This  engine  was 
followed  soon  by  a  much  better  one  that  developed  30  to  35 
horsepow^er.  It  was  simple  in  the  extreme  degree.  A  jet  nozzle 
in  the  intake  pipe  served  to  atomize  the  gasoline;  the  ignition 
W'BS  a  low'-tension  system ;  the  water  jackets  were  of  sheet  alumi- 
num, the  crank  shaft  very  small  in  diameter,  as  w^ere  all  other 
moving  parts.     Later  engines  of  the  same  design  have  produced 
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more  power,  arc  very  efticient,  and  still  being  used  i<»  a  limited 
extent. 

The  four-cylinder  vertical  engine  w  as  the  first  aviation  engine 
to  do  real  service.  'IMie  airplane  Hown  with  so  small  an  amount 
of  power  was  large  in  wing  area  for  the  l<)a(l  carried,  slow  in 
speed,  and  sluggish  in  movement,  judged  by  present  standards. 
Such  an  airplane  resembles  the  butterlly  rather  than  the  swallow. 
It  is  not  like  the  successful  fighting  machine,  yet  will  surely  find 
place  for  peace  usages. 

Closely  following  this  lirst  type  of  engine  came  six-cylinder 
vertical  and  eight-cylinder  \'  engines  of  65  horsepower  and  j}^ 


Curtiss  model  S3  triplane  speed  Scout. 


horsepower.  All  of  these  were  too  light  and  frail  for  hard  service, 
^linutes  of  flight  were  possible,  but  not  hours,  as  now  required. 
High-pressure  lubrication  to  vital  parts  had  not  httn  developed. 
\'alves  failed  because  of  inadequate  cooling  and  material. 

In  August,  1908,  the  \\'right  Brothers  made  their  first  flight 
in  France.  Following  this  date,  the  French  engineers  developed 
airplanes  and  engines  of  various  types  that  emlxDdied  the  funda- 
mentals demonstrated  by  the  Wrights,  so  far  as  the  airplane  was 
concerned.  The  scientist  contributed  much  to  the  art  by  working 
out  the  theory  of  the  art  of  flying.  A  long  step  forward  was 
taken  in  the  succeeding  years. 
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Air  cooled  cn<^iiics  of  the  radial  rotating;-  form  were  developed, 
then  air-cooled  and  water-cooled  vertical  and  fixed  cylinders 
These  successi\e  steps  a.ij^ain  rej)eate(l  the  steps  taken  by  those 
who  had  de\  eloped  the  automobile  and  its  enj^ine :  all  were  too 
frail  and  of  small  ])()wer.  It  seems  safe  to  state  that  nothing  as 
large  as  loo  horse])ower  was  reached  or  thought  necessary.  The 
(inome  radial  rotating  engine  became  most  successful,  and,  as 
exi)eriencc  improved  the  skill  of  the  aviator,  the  power  of  the 
engine  grew  gradually  from  Go  horse])ower  up  to  90  horsepower. 


Comparison  between  reconnaissance  biplane  (Curtiss  model  JX4)  and  triplane  scout 

(Curtiss  model  S3). 

Similarly  the  speed  of  the  airplane  increased  up  to  60  or  70  miles 
per  hour,  with  slow  speed  or  landing  speed  in  the  neighborhood 
of  40  miles  per  hour. 

After  a  few  years  of  this  normal  development,  with  reasonaljle 
progre3S  relatively  slow  because  of  the  enormous  cost  attending 
aircraft  experiment,  came  the  present  European  war.  Then  began 
a  feverish  and  rapid  development,  during  which  rash  moves  were 
made  and  long  chances  of  an  engineering  character  were  taken. 
How^  much  the  demands  of  war  have  advanced  the  art  of 
aviation  can  only  be  guessed,  but  surely  as  much  as  a  generation. 
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As  soon  as  llic  absctliilc  necessity  of  aircraft  a>  a  part  of  a 
modern  arni\-  was  demonstrated,  the  i)ro(hieti«)n  of  them  was 
forced  to  the  limit. 

Extreme  tyiK\s  are  built  and  tlown.  Planes  of  small  area, 
ecjuipped  with  enp:incs  of  large  horsej^ower.  which  mnst  he  landed 
at  So  miles  per  ln)ur,  must  be  used.  This  t\pe  i>  the  fii^diting 
craft  that  seeks  altitudes  above  the  hostile  ])roiectile  danji^^er  zone 
(about  iS.ooo  feet),  and  hii;her  yel  in  order  to  be  able  to  swoop 
down  on  the  slower  plane  or  upon  some  less  skilful  aviator.  One 
hundred  horsepower  is  no  longer  en(nigh  for  this  light  and 
agile  airplane.     An  engine,  eight-cylinder.  \^  txpe.  of  i  v^  Imrse 
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power,  is  most  popular  now,  but  with  a  tendency  toward,  and 
small  actual  use  of,  200  horsepower,  yielding  a  speed  (jf  140  miles 
per  hour  and  a  climb  of  more  than  1000  feet  per  minute. 

The  only  type  of  airplane  used  for  war  purposes,  satisfied 
by  an  engine  of  100  horsepower  or  less,  is  the  schocjl  machine, 
which  carries  teacher  and  student,  tandem  or  side  by  side,  in 
the  body.  Thousands  of  these  are  needed  and  being  used  in 
Europe.  It  is  pleasing  to  know  that  one  engine  being  built  in 
the  United  States  is  giving  excellent  satisfaction  in  England 
for  this  purpose. 

For  large  warcraft.  battleplanes  so-called,  more  powerful 
engines  are   used.      So   far  as  known,   this  demand   is  met  by 
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ciii^incs  of  J50  to  350  liorsepower.  These  aircraft  carry  bombs 
or  explosives  up  to  1000  pounds  in  weight,  and  small  defensive 
guns.  They  are  not  agile  nor  fast,  and  are  defended  by  fast 
machines,  when  possible  to  do  so.  They  are  the  battleships  of  the 
air,  defended  l)y  the  torpedo-boat. 

'J\)  produce  this  power,  \j  and  18  cylinders  are  used.  The 
latter  is  of  the  V  type,  with  three  rows  of  cylinders  in  place  of 
two.  It  is  new^  and  said  to  be  very  successful.  The  power  is 
transmitted  to  the  propeller  through  ^ears,  the  propeller  rotating 
a])Out  three-fifths  engine  speed,  at  about  1000  to  1200  revolutions 
per  minute.  Wherever  possible,  gearing  is  avoided  because  of 
the  great  weight  added  and  increased  mechanical  difficulties.    The 
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difficulties  surrounding  the  propeller  problem  also  deter.  The 
combination  of  much  power  and  high  speed  tends  to  wTeck 
propellers.  There  are  many  elements  entering  into  this  phase 
of  the  use  of  large  powers  not  yet  fully  understood. 

An  obvious  means  to  equip  an  airplane  with  more  power  is  to 
use  more  than  one  engine  unit.  This  is  done  and  will  be  done,  but 
there  is  a  penalty  attached  to  the  plan.  The  ideal  disposition  of 
weight  in  an  airplane  is  to  have  all  concentrated  at  the  centre  of 
gravity  of  the  entire  structure.  A  single  engine  unit  approaches 
this  condition  as  nearly  as  may  be.  Two  units  mounted  out  in 
the  wings,  awa}'  from  the  centre  of  gravity,  increase  the  inertia, 
decrease  the  agility  and  manoeuvring  quality  verv  much.  An  air- 
plane so  ecjuipped  cannot  quickly  turn  and  twist  to  avoid  the  attack 
of  the  fast  machine. 
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There  will  come  a  time  when  all  en«;inceriii^  attcnti(»n  is  ikjI 
drawn  to  airplanes  for  war  purposes.  Then  a  type  «>f  plane  will 
be  developed  that  will  not  have  si>eed,  agility,  and  climl)ing  power 
as  its  principal  attributes.  Much  less  i)ower  will  lill  this  need, 
and  a  much  more  normal  aircraft  will  result.  'J'hen  the  multiple- 
unit  plane  will  have  a  chance  to  develop. 

Our  present  aircraft  development  is  what  the  racini;  car 
has  been  to  the  automobile  industry — a  wonderful  developer  for 
normal  product  and  usage.  in  time  real  manufacture  will 
begin,  prices  will  drop  and  popularity  increase.  I'jigines  to 
meet  such  a  purpose  will  develop  rapidly.     Thev  will.  a<  nnw,  be 
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highly  refined  as  to  their  essential  functions,  but  of  ordinary  con- 
struction as  to  the  non-vital  functions.  At  present  the  extreme 
of  design,  workmanship,  and  material  is  the  aim  for  all  parts. 
The  art  is  too  young  to  permit  any  other  procedure. 

ENGINE    DESIGN. 

The  desired  engine  must  be  light  but  it  must  be  reliable.  It 
must  be  capable  of  continuous  operation  at  very  nearly  full 
capacity  for  long  periods.  A  20.000- foot  climb  requires  that 
everything  shall  be  perfect. 

The  periods  of  partial  use  and  rest  are  short,  as  for  a  glide. 
The  period  of  level  flying  is  from  j^  per  cent,  full  power  to  full 
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power,  at  the  desire  of  the  operator.  Pursuit  or  llight  means 
full  power,  patrol  or  observation  duty  means  less;  but  at  no  time 
does  the  usa.^e  approach  that  of  the  motor-car  engine.  The 
demand  is  even  greater  than  that  on  the  marine  engine,  which 
carries  a  very  constant  load;  but  the  marine  engine  may  be  made 
heavy — the  aviation  engine  must  be  light. 

Experience  has  taught  that  lightness  must  be  a1)andoned  in 
favor  of  stiffness  and  strength  for  all  vital  parts,  such  as  crank- 
shaft, crank-base,  main  bearings,  crank-pin  and  piston-pin  bear- 
ings, and  that  all  possible  lightness  must  be  gained  by  hollow 
construction  in  combination  with  materials  most  carefully  chosen. 
Coupled  with  these  features  must  be  found  most  thorough  oiling 
at  high  pressure,  with  oil  led  in  a  positive  manner  to  all  vital 
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points.  Much  experimenting  must  be  done,  even  after  careful 
design,  to  arrive  at  a  proper  distribution  of  oil.  Clearances,  oil 
apertures  and  oil  viscosity  (hot)  must  be  balanced. 

Poppet  valves  must  close  on  seats  that  are  thoroughly  cooled. 
Exhaust  valves  run  cherry  red  hot  at  best.  Proportions  and  detail 
of  design  must  avoid  warping  and  breakage. 

Ignition  is  desired  in  complete  duplicate  for  each  cylinder. 
Magnetos  must  be  coupled  and  driven  in  such  a  manner  as  to 
minimize  vibration.  Magneto  difificulties  have  been  of  mechanical 
failure  more  than  electrical,  and  the  direct  result  of  excessive 
strains  due  to  rigid  driving  couplings.  Wiring  must  be  carefully 
conducted  and  fastened  to  prevent  failure  from  chafing,  following 
excessive  vibration. 
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Si)arU-i)lii«;s  have  l)ccn  llic  cause  of  more  trDiihle  aii<l  luiccr- 
lainly  than  any  other  siiii^le  ilein  of  aviation  en«;ine  detail.  The 
prime  chnicuUy  has  been  to  keep  the  i)hij^  cool.  .\  cool  location 
must  be  provided  in  the  design.  The  plug  mu^t  nnt  extend  so 
far  into  the  explosion  chamber  as  to  be  seriouslv  tlame-swept, 
nor  must  it  l)e  deep  in  a  hole  or  recess  with  delayed  and  irregular 
ignition.  The  plug  itself  must  l)e  gas-tight  to  prexenl  "  blow 
by"  and  resulting  overheat.  The  plug  that  satisfies  the  aut(jmobilc 
engine  will  fail  quickly  under  aviation  service.  This  defect  is 
more  serious  than  appreciated,  and  must  be  guarded  against. 
It  is  not  easy  to  locate,  as  often  assumed.  Fretpient  change  of 
plugs   is  now   resorted  to   in   the   interest  of   reliability.     Close 
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attention  to  the  foregoing  and  simple  items  will  surely  increase 
spark-plug  life  and  engine  reliability. 

There  is  no  more  mystery  about  an  aviation  engine  than  about 
any  other,  when  the  real  truth  is  known. 

One  hundred  and  fifteen  pounds  per  square  inch  mean  effective 
pressure  is  very  hard  to  handle  in  connection  with  a  light  bit  of 
construction.  This  pressure  is  needed  to  yield  the  horsepower 
per  unit  volume. 

The  perfect  balance  of  moving  parts  is  necessary.  The  air- 
plane structure  is  very  sensitive  to  vibration,  and  the  occupants 
are  seriously  disturbed  by  an  engine  not  functioning  smoothly. 

Perfect  distribution  of  gas  to  give  uniform  explosions  is  a 
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re(iuisitc.  The  delicate  engine  stiucture  tails  rapidl)'  under  the 
inlhience  ol  irregular  impulses.  Carl)uret(jr  parts,  thin  aluminum 
castings,  wiring,  gasoline  tanks  and  piping,  magneto,  radiator, 
and  propellers  all  fail  to  a  serious  extent  in  the  presence  of 
vibration. 

Simplicity  of  design,  with  the  smallest  possible  number  of 
parts,  must  be  the  aim.  F.ach  additional  screw,  joint,  ])art,  or  ac- 
cessor}- increases  chance  of  trouble  in  the  air.  The  failure  of  such 
detail  may  cause  a  forced  landing  accident — as  surely  as  the 
failure  of  a  vital  part. 

The  lire  risk  may  be  minimized  by  such  design  of  engine  com- 
partment as  will  promote  the  movement  of  a  large  volume  of  air 
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in  and  out  of  the  engine  compartment — in  such  a  way  as  to  carry 
gasoline  or  gas  clear  of  the  airplane  body  and  operator's  cock- 
pit.    \\^ithout  an  accumulation  of  gasoline  the  danger  is  small. 


ENGINE    WORKMANSHIP. 

The  keynote  of  this  feature  is  that  quality  must  come  tirst, 
cost  second  or  last.  Time  must  be  taken  to  arrive  at  the  desired 
accuracy  or  finish.  Time  and  money  must  be  spent  to  balance 
reciprocating  parts.  A  limit  of  one  per  cent,  difference  of  weight 
for  all  pistons  and  rods  in  an  engine  is  required  in  some  cases. 
Exact  balance  of  all  pairs  is  required. 

Piston  rings  must  be  tight  as  the  result  of  perfect  fit  and 
bearing.      Many   rings  must  be   discarded  to   get   perfect   sets. 
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Kiiii^s  !l;(>()(1  (.•iioii^h  Icr  iiioior  lar  ciij^incs  will  iioi  (!(»  iIr-  work 
in  n\i;itii>n  engines. 

Tlu'  rii!L;iiK'  iiiiist  not  throw  oil  lr(»in  anv  joiiu.  valve  stem, 
iicar-l)(i.\.  or  pipe.  (  )il  so  llirown  may  casil\-  floiid  tlu*  j^oj^^les 
oi  the  pilot.    ( )iil\  tlu'  closest  of  (its  w  ill  achieve  such  oil-li^htiiess. 

Castiiii^s,  wlu'iluT  aluininiini  or  iron,  must  he  true  and  of  even 
wall  thickness  and  of  extreme  lii^htness.  Manv  rejections  nui^t 
he  made  to  j^et  the  uniformity  needed.  Such  rejections  should 
he  floured  1)\  those  accei)tin^-  engine  casting  orders.  The  hest 
of  i)attern   e(|u;pmcnl    and    forL;in<;-   dies   mn^t    he    furnished    f< -r 
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a  comparatively  small  numher  of  pieces.  This  adds  materially 
to  the  cost  of  a  part,  but  is  necessary  to  attain  workmanship 
of  aviation  engine  quality. 

Alachine  tools,  fixtures,  and  methods  must  be  such  as  to 
produce  absolute  accuracy,  regardless  of  cost.  "  Quality  first  " 
should  be  the  watchword  in  aviation,  not  ''  Safety  first."  because 
high  quality  means  safety. 

It  is  very  hard  to  create  this  atmosphere  amoni,^  l)usiness 
men,  superintendents,  foremen,  and  workmen,  who  ha\e  always 
been  obliged  to  keep  in  mind  the  cost  and  selling  price  of  a  product 
Vol.  184.  No.  11 02 — 37 
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to  meet  competition.  Tlicrc  is  no  competition  in  airplane  engines 
yet.  The  art  is  to(j  new.  Performance  ccjmes  first.  Only  the 
best  in  design,  material,  and  workmanshij)  will  suffice. 

Jt  is  possible  that  too  much  time  and  nxjney  are  being  spent; 
but  at  this  time  experience  has  not  been  great  enough  to  be  certain 
of  this.  Continued  use  over  a  long  ])eriod  of  time  will  deter- 
mine. During  the  youth  of  the  industry  is  not  the  time  to  take  a 
chance. 

Quality  and  safety  come  first. 

ENGINE  MATERIALS. 

Excellent  material  is  re(|uired  for  a  motor-car  engine,  which 
is  rarely  worked  to  anywhere  near  its  limit  of  power.     Take  for 
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an  example  a  40-horsepower  engine.  It  runs  quietly  about  over 
roads  nearly  level,  with  liberal  lubricant  for  the  w^ork  being  done 
and  consuming  hardly  25  per  cent.  (10  horsepower)  of  its  rated 
power. 

Under  comparable  conditions  an  airplane  engine  uses  75  per 
cent,  of  its  power.    Lubrication  must  be  perfect,  not  nearly  so. 

Further :  a  motor-car  engine  of  672  cubic  inches  capacity  is 
given  a  normal  rating  of  65  horsepower.-    An  aviation  engine  of 
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ihc  saiHo  \oluiiic  is  rated  at  154  horsepower.  As  a  motor-car 
engine  not  o\er  j^  per  cent.,  or  i()  horsepower,  wonld  he  ordi- 
narily used,  hut  as  an  aviation  engine  not  less  than  7^  per  cent., 
or  114  horsepower,  would  he  hahitually  used,  a  ratio  of  ahout 
7  to  1. 

In  addition,  the  aviation  engine  is  huilt  as  light  as  possihle, 
say  about  one-half  the  weight  for  a  given  piston  displacement. 
Roughly  speaking,  this  represents  a  punishment  of  material  w  ithin 
the  aviation  engine  14  times  as  severe  as  that  in  the  motor-car 
engine. 

The  present  life  of  an  aviation  engine  indicates  severe  punish- 
ment.    Up  to  the  time  when  a  complete  overhaul  is  necessary  this 
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life  is  about  50  hours  at,  say,  100  miles  per  hour,  or  a  total  of 
5000  miles.  A  motor-car  engine  runs  about  25,000  miles  up  to 
the  time  when  an  overhaul  repair  is  necessary.  The  speed  cannot 
average  over  25  miles  per  hour.  This  means  1000  hours'  opera- 
tion, or  20  times  that  of  the  aviation  engine. 

A  severe  test  of  endurance  for  the  motor-car  engine  under 
shop  or  laboratory  conditions,  and  where  destruction  of  the  engine 
is  invited  and  closely  approached,  is  under  a  development  of 
power  of  about  0.15  horsepower  per  cubic  inch  displacement. 
It  is  considered  a  fine  performance  for  a  stock  motor-car  engine 
to  last  300  hours  under  this  load.  The  aviation  engine  must 
do  not  less  than  this  at  any  time  and  with  100  per  cent,  score. 
Otherwise  the  engine  is  not  a  successful  aviation  engine. 


5jO  JJknkv  Sol  iiii.k.  IJ.F.  I. 

These  arc  rough  comparisons,  hut  they  show  the  relative 
severity  of  work.  To  meet  these  severe  conditions  the  very  best 
of  steel  for  each  engine  part  must  be  used.  "  Best  "  means  that 
money  must  not  hinder,  but  high-priced  steel  is  not  sure  to  be 
best.  The  highest  of  technical  skill  must  be  utilized :  first,  to 
select  the  steel  from  chemical  and  physical  soundness  standpoints; 
second,  to  treat  it  in  such  a  manner  as  to  give  the  best  possible 
endurance  and  the  highest  elastic  limit  consistent  with  the  possi- 
bility of  machining.  Here,  again,  money  must  not  be  a  con- 
sideration.   Slow  methods  may  be  necessary  to  work  the  material. 

The  crank-shaft  of  a  motor-car  engine  is  usually  so  large  and 
heavy  as  to  permit  the  use  of  steel  having  an  elastic  limit  of 
about  70,000  pounds  per  square  inch  and  with  a  physical  structure 
not  very  highly  refined  by  heat  treatment.  Experience  has  shown 
this  to  be  good  practice. 

The  crank-shaft  of  an  airplane  engine  may  be  more  in  diam- 
eter, but  hollow  to  such  an  extent  as  to  demand  the  highest 
elastic  limit  that  can  be  machined,  say  from  120,000  to  140,000 
pounds  per  square  inch,  with  a  reduction  of  area,  denoting  the 
highest  refinement  of  grain,  of  50  per  cent,  or  more. 

The  lighter  parts  of  a  motor-car  engine,  such  as  valve 
rocker  arms,  are  given  a  toughening  treatment  for  a  fair  forging 
steel,  say  60,000  to  80,000  pounds  per  square  inch  elastic  limit. 
The  rocker  arms  of  an  airplane  engine  are  so  light  and  delicate 
as  to  require  a  fine  alloy  steel  most  carefully  treated  to  give 
resistance  to  vibratioij  and  alternate  stress.  The  elastic  limit 
should  also  be  in  the  neighborhood  of  130,000  pounds  per  square 
inch.  This,  coupled  with  hardness  at  certain  points,  brings  addi- 
tional care  and  expense. 

The  highest  intelligence  and  widest  experience  are  needed  to 
arrive  at  the  proper  combination  of  hardness  and  toughness  and 
endurance.  Experimental  work  to  the  point  of  actual  failure  is 
necessary  to  arrive  at  the  extreme  limit  of  endurance.  In  the 
aviation  engine  the  extreme  is  sought. 

A  decade  hence  there  will  exist  an  accumulation  of  empirical 
knowledge.  Extremes  will  then  be  less  common  or  else  the  ex- 
treme of  to-day  will  be  the  commonplace  of  the  future.  Expe- 
rience will  repeat  in  aviation  as  in  many  other  industries  and  arts. 

(Illustrations  for  this  article  were  obtained  through  the  courtesy  of  The 
Curtiss  Aeroplane  Company  and   Sterling  Engine  Company.) 
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ATMOSPUKIUC     ClkClLATlOX. 
INTRODUCTION. 

Atmosphkric  circulation,  whether  niani testing-  itself  in  a 
monsoon,  for  instance,  or  in  only  a  gentle  lake  breeze,  is  a  j;ravi- 
tational  phenomenon  induced  and  maintained  bv  temperature 
differences.  This  can  be  well  illustrated  by  the  tlow  of  water 
between  two  adjacent  tanks  when  connected  by  an  upper  and  a 
lower  pipe  and  kept  at  different  temperatures. 

Let  the  two  tanks,  A  and  B,  Fi<^-.  2^,  be  filled  to  the  same 
level  slightly  above  the  upper  pipe  u,  and  let  them  have  the  same 
temperature.  Under  these  conditions  there  will  be  no  How  of 
water  from  either  tank  to  the  other.  Xow  let  the  pii>es  be  closed 
and  let  the  water  in  tank  A  be  equally  warmed  throughout.  It 
will  expand,  providing  its  original  temperature  was  not  below 
4^  C,  and  the  amount  of  water  above  each  level  in  A,  at  and 
below  the  initial  surface,  be  increased  in  proportion  to  its  dis- 
tance from  the  bottom.  Hence  the  pressure  due  to  gravity  is 
everywhere  throughout  the  original  volume  correspondingly  in- 
creased— the  maximum  increase  being  at  the  level  of  the  initial 
surface.  If  the  lower  pipe  /  be  now  opened,  there  still  will  be 
no  flow  of  water  from  either  tank  to  the  other.  Pkit  if  the  upper 
pipe  be  opened,  water  will  flow  from  A  to  B,  and  in  so  doing  will 
decrease  the  pressure  on  all  parts  of  A  and  increase  it  on  all  parts 
of  B.  If  /  is  also  open,  water  will  flow  from  B  to  A.  If  both 
pipes  are  left  open  and  the  water  in  A  kept  constantly  warmer 
than  the  water-  in  B,  there  will  be  continuous  circulation  of  the 
water  from  A  to  B  through  the  upper  pipe  and  from  B  to  A 
throuo:h  the  lower.  Obviouslv  the  same  results  could  be  obtained 
by  applying  a  cooling  process  to  B  instead  of  a  warming  one  to 
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A.  I'liai  is,  since  the  circulation  in  (jncstion  is  a  .i;ra\'itational 
phenomenon  inchiced  l)y  a  teni])erature  difference  l)et\veen  the 
water  in  the  two  tanks,  it  clearly  is  immaterial  how  this  tempera- 
tnre  difference  is  estahlished.  whether  hy  heating  the  (jne  tank 
or  ])y  cooling  the  other.  Similarly  in  the  case  of  the  atmos- 
phere.    If  two  adjacent  columns  of  air,  or  the  masses  of  air 

Fig.  25. 


A 


^^ 


B 


w 


Circulation  between  warm  and  cold  tanks. 

over  two  adjoining  regions,  whether  large  or  small,  are  kept  at 
different  temperatures,  there  will  exist,  through  the  action  of 
gravity,  a  continuous  overflow  from  the  warmer  to  the  colder, 
and  an  underflow  from  the  colder  to  the  warmer.  Neither  does 
it  make  any  difference  in  this  case  how  the  inequality  of  tempera- 
ture is  established  and  maintained,  whether  by  heating  the  one 
section  or  by  cooling  the  other. 

VERTICAL    CONVECTION    OF    THE    ATMOSPHERE. 

General  Considerations. — Vertical  convection  of  the  atmos- 
phere may  be  divided  into  tW'O  classes:  (a)  mechanically  forced 
convection,  as  the  rise  of  air  on  the  windward  side  of  a  mountain 
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or  other  ohslruclioii  aiul  its  tall  on  iIk-  leeward  side;  (  h)  ilierinal 
convection.  The  hitter,  involving  Ixjth  warinin^^  and  cooHn^,  is 
l)y  far  the  more  important:  in  fact,  it  either  con^titntes  or  is 
associated  with  all  natnral  air  movements.  It  comnionlv  is  .said 
to  consist  of  the  rising-  of  warm  air  and  the  sinkinL'  or  HowinL' 
in  of  cold  air  to  take  its  [)lace ;  hnl.  while  this  descrihes  the 
phenomenon  of  thermal  convection,  it  seems  to  imply  the  false 
concept  thai  warm  air  has  some  inherent  ascensional  i)ower, 
whereas,  in  reality,  thermal  convection  is  onlv  a  gravitational 
phenomenon,  consisting;  in  the  sinkini^  of  relativelv  heavy  air 
and  the  consecjnent  forcing;-  up  of  air  which,  volume  for  volume 
and  under  the  same  pressure,  is  relativelv  li^ht. 

The  terms  "  heavy  "  and  "  lij:,dit  "  are  used  here  advisedlv 
instead  of  "  dense  "  and  "  rare,"  hecause  it  is  the  relative  zccigJits 
of  two  adjacent  masses  of  air  of  ecpial  volume  under  the  same 
pressure  and  nc^  their  densities  that  determine  which  shall  fall 
and  which  shall  he  raised. 

Three  factors  enter  into  the  question  of  weight  per  unit 
volume  when  pressure  is  constant:  (a)  temperature,  (/;)  com- 
position, and  ic)  horizontal  velocity,  including  speed  and  direc- 
tion. The  first  of  these  weight  factors  varies  widely  and  is  very 
efifective.  A  change  in  temperature  by  any  given  amount  t  t,  say, 
changes  the  original  weight  per  unit  vr)lume.  JJ\,  to  the  new 
weight,  [/',  ±  Zi'  in  the  ratio, 

^  (Charles's  or  Gav-Lussac's  law). 


Wi  ±  w  T 

in  which  T  is  the  original  absolute  temperature,  llius  if  the 
original  temperature  is  that  of  melting  ice,  and  it  is  increased  or 
decreased  by  i  C,  the  weight  per  unit  volume  will  be  decreased 
or  increased,  respectively,  i  part  in  2/;^. 

The  effect  of  the  second  of  the  above  weight  factors,  the 
composition  of  the  atmosphere,  is  obvious  from  the  following 
consideration  :  Since  the  number  of  gas  molecules  per  unit  volume 
under  a  fixed  temperature  and  pressure  is  independent  of  the 
nature  of  the  gas — Avogadro's  law — it  follows  that  under  these 
conditions  an  increase  or  decrease  of  water  vapor,  say,  in  the 
atmosphere  implies  a  corresponding  decrease  or  increase  of  the 
other  molecules  present,  mainly  nitrogen  and  oxygen.  Xow  the 
equivalent  molecular   weight  of  dry  air  is  approximately  28.8 
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.111(1  llial  (tl  water  i8,  hence  a  change  in  the  water  vapor,  the 
only  constitnent  of  the  atmosphere  that  ap[)recial)l\  \aries. 
anionnlini;-  to    i    per  cent,  of  the  total  nnniher  of  gas  molecules 

present,   alters   the   weight    i)er   nnit    volume   hv      '"-      '     fT,   in 

which  //'  is  the  weight  of  the  unit  volume  of  dry  air  under  the 
same  conditions  of  temperature,  pressure,  and  gravity.  On  very 
warm  (hiys  water  vapor  may  amount  to  5  per  cent,  or  more  of 
the  total  gas  molecules  present,  and  the  air,  therefore,  be,  roughly, 
J  per  cent,  lighter  than  it  would  he  if  perfectly  dry.  Of  course, 
changes  from  saturation  to  utter  dryness,  or  the  reverse,  do  not 


Decrease  of  weight  due  to  rotation  of  the  earth. 


occur  in  nature,  but  a  variation  of  as  much  as  50  per  cent,  in  the 
absolute  humidity  at  a  given  place  does  occur  through  evapora- 
tion, condensation,  and  air  movement.  Hence  on  very  hot  days 
a  change  of  i  per  cent,  in  the  W' eight  per  unit  volume  of  the  lower 
air  as  a  result  of  altered  composition  is  quite  possible  w'ithout 
change  of  temperature.  This  produces  a  difference  in  buoyancy 
of  the  same  order  as  that  caused  by  a  3°  C.  change  in  tempera- 
ture and  therefore  may  be  decidedly  important. 

The  third  factor  that  affects  w^eight  and  convection,  namely, 
horizontal  velocity,  wdiile  comparatively  small,  occasional!}'  may 
be  of  some  importance.  Its  numerical  value  can  easily  be  com- 
puted.    Let  A'S,  Fig.  26,  be  the  axis  of  the  earth's  rotation,  and 
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let  /'  at  l.itiliulc  </>  1)0  the  i)()int  under  D^nsidcralion.  llu-  ccn- 
trifu«;al  force  /  acting  on  tlu'  mass  ///  at  tlu-  p. .ini  /'  is  j^ivcn  hy 
the  c(]uation. 

/  =  in  r  t,>'. 

in  which  <o  is  the  angular  velocity,  and  r  the  di.slance  (.1  /'  from 
the  axis.     Xiimerically, 

Since  the  mean  radius  of  the  earth  is  ahout  6368  kilometres, 
and  since  weight  equals  mass  times  gravitational  acceleration,  or 
981;;/,,  approximately,  in  the  C'.Ci.S.  system,  it  follows  that  at 
latitude  40  - 

/■=   '*^   .  rouehlv, 
•      378  •      • 

in  which  zc  is  the  weight  of  the  object  considered,  while  the  de- 
crease, die,  in  the  weight,  or  the  component  of  /  at  rii^ht  angles 
to  the  surface,  is  given  by  the  equation. 

d7i'  =  — /  cos  40°  = '     ,  aljout 

493 

At  latitude  40^  a  velocity  of  22.4  metres  per  second  (  50  miles 
per  hour)  from  east  to  west  is  e(|uivalent  to  increasing  w-  by 
I  part  in  8,  approximately,  and  an  equal  velocity  from  west  to 
east  to  decreasing  it  a  like  amount.  That  is,  at  latitude  40^  a 
given  mass  of  air  in  a  west  wind  of  22.4  metres  per  second  (50 
miles  per  hour)  weighs  less  than  an  equal  amount  in  an  east 
wind  of  the  same  velocity  by  about  i  part  in  1972.  Similarly 
for  other  latitudes  in  proportion  to  their  cosines.  Hence,  other 
things  being  equal,  an  east  wind  tends  slightly  to  underrun  an 
adjacent  west  wind. 

The  above  special  solution  of  this  problem  may  sutiice  for 
most  purposes,  but  the  following  outline  and  conclusions  of  a 
more  general  solution  probably  will  be  of  interest. 

Referring  to  Fig.  27,  let  V  be  the  horizontal  velocity  of  the 
surface  of  the  earth  at  latitude  <^,  z'  the  horizontal  velocity  of  the 
air  with  reference  to  the  surface,  a  the  angle  between  the  east 
direction  and  the  path,  and  assume  the  earth  to  be  spherical  and 
concentricallv  homogeneous.     Further,   let   ///(/,,  l)e  the  gravita- 
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tional  pull  on  the  mass  ;;/,  or  the  weight  the  mass  m  would  have 
when  at  rest  if  the  earth  were  nonrotatinj^,  and  let  ;////  be  its  actual 


weight. 


hen, 


Change  of  weight  due  to  horizontal  velocity. 


fyig  =  mgo 


-m 


=  mgT- 


(  V  cos  (i>-\-v  cos  a)-       m{v  sin  a)- 
R  'R 

m{  V  cos  (j))-      mv(2  V  cos  o  cos  a-\-v) 


R 


R 


But, 


mgo—— — ^^      =  the  weight  of  the  mass  m  when  at  rest 

on  the  surface  of  the  rotating  earth.  Hence,  when  the  mass  ;;/ 
is  given  a  horizontal  velocity  v,  its  still- weight,  JV,  is  changed  by 
an  amount,  ^JV,  given  by  the  equation, 


^W=  — mv 


(2  V  cos  <3  cos  a-\-v) 


Since  the  latitude  is  limited  by  o"^  and  90°,  it  follows  that 
the  sign  of  the  change  (that  is,  whether  the  change  consists  of  a 
decrease  or  increase  from  the  still-weight)  depends  upon  the 
value  of  a,  or  the  direction  of  motion.  Obviously  whenever 
cos  a  is  positive,  or  the  velocity  has  an  easterly  component,  the 
change  of  weight  is  negative — maximum  when  <^  and  a  are  both 
zero,  or  when  the  motion  is  east  on  the  equator.  Similarly,  since 
2  V  cos  </>  is  nearly  always  large  in  comparison  with  v,  the  change 
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of  wciiLilu  orilinarily  is  posit i7r  wlicnrvcr  llu'  velocity  has  an 
appreciable  wcsiward  conipoiieiit.  iliis  increase  of  weight  clearly 
is  a  niaxinunn  when  </>  -  o  and  a  =  iSo  ,  or  when  llu-  nioticjn  is 
west  on  the  e(|nat()r. 

Fnrther.  the  direction  of  the  wind  in  (»rder  that  there  l)e  no 
chani^e  of  wei<:^ht  is  conditioned  by  the  ecpialion, 


cos  a  = 


2    V  cos  9» 

Bnt,  as  above  stated,  j  /'  cos  <t>  nearly  always  is  large  in 
comparison  with  ?',  and  therefore  the  direction  conditioned  by 
zero  change  in  weight  commonly  has  only  a  small  westerly  com- 
ponent. For  example,  let  t-  =  44.7  metres  per  sec(jnd  (  100  miles 
per  hour)  and  let  <^  =  60°.    Then,  under  these  somewhat  excessive 

conditions,  for  zero  effect,  cos  a  = — L    about,  or  ilie  direction 

10 

along  which  there  is  no  change  of  weight  is  less  than  6'  west  of 
the  meridian. 

From  the  above  it  appears  that  of  the  three  factors  that  alter 
the  weight  of  a  given  volume  of  air  and  thereby  determine  whether 
it  shall  rise  to  higher  levels,  sink  to  lower,  or  remain  where  it  is, 
temperature  is  by  far  the  most  important,  and  horizontal  velocity 
the  least  important.  As  a  rule,  the  former  alone  need  be  con- 
sidered. 

Local  Convection. — There  are  two  distinct  ways  of  thermally 
inducing  convection:  (a)  by  heating  heloiv;  (b)  by  cooling 
above.  Each  is  of  great  importance,  both  in  general  atmospheric 
movements  and  also  in  those  restricted  or  local  winds  to  which 
special  names  have  been  given.  Where  heating  alone  occurs  the 
rising  air  does  not  return,  but  remains  in  e(|uili1)rium  at  its  new 
level,  Avhere  its  final  temperature  is  the  same  as  that  of  the  adja- 
cent atmosphere.  Similarly,  when  cooling  alone  occurs  the  sink- 
ing air  does  not  again  immediately  rise.  In  other  words,  neither 
heating  nor  cooling,  acting  alone,  can  produce  closed  circulation 
in  which  the  same  mass  passes  through  a  complete  cycle  of  posi- 
tions, though,  of  course,  a  compensating  movement  must  occur 
somevrhere.  A  strong  local  uprush,  for  instance,  except  in  the 
case  of  the  thunderstorm,  to  be  explained  below,  is  nearly  always 
compensated  by  a  wide  settling,  so  gentle  that  it  cannot  be  meas- 
ured. Similarly,  restricted  down-rushes  of  air,  again  except  in 
connection  with  the  thunderstorm,  are  compensated  by  wide  and 
gentle  upward  movements. 
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W  liatcvcr  {hv  txpc  of  atmospheric  (listiirl)ancc  under  con- 
sideration, the  most  important  general  facts  to  remember  are: 
that  all  vertical  movements  of  the  air  are  accompanied  by  dynami- 
cal heatinj;;-  or  cooling;  that  rising  air  cools,  r(jnghly,  at  the  adia- 
batic  rate  of  about  i°  C.  for  each  roo  metres  increase  of  eleva- 
tion; that  descending  air  warms  at  substantially  the  same  rate; 
that  dynamic  cooling  limits  the  height  of  upward  convection;  and 
that  in  many  cases  dynamic  heating,  and  not  the  surface  of  the 
ground,  limits  downward  convection. 

CLASSIFICATION   OF  WINDS. 

All  the  above  is  entirely  general  and  of  universal  application. 
Gravity  and  temperature  differences  enter  directly  or  indirectly 
into  all  atmospheric  circulation,  both  the  fundamental  and  con- 
tinuous circulation  that  exists  between  the  warm  equatorial 
and  cold  polar  regions,  and  those  secondary  circulations  that 
occur  only  locally  and  occasionally.  Nevertheless,  clearness  in 
any  detailed  discussion  of  all  winds  requires  their  grouping 
according  to  some  basis  of  classification  suitable  to  the  purpose 
in  view^ — in  the  present  case  a  discussion  of  their  initiating  causes 
and  modifying  influences.  Unfortunately,  none  of  the  current 
classifications  of  winds  {e.g.,  those  listed  in  Milham's  "  Meteor- 
ology," p.  164  et  scq.)  is  adapted  to  this  end,  and  therefore  a 
somewhat  different  grouping  provisionally  will  be  used. 

Obviously  no  subdivision  of  air  movements  is  possible  on  the 
basis  either  of  gravitation  or  of  temperature  difference,  since,  as 
just  explained,  each  is  involved  in  every  such  movement. 

But  there  also  are  modifying  factors— friction,  viscosity, 
turbulence,  local  heating,  local  cooling,  deflection  by  mountain 
barriers,  deflection  due  to  the  earth's  rotation,  and  many  others 
that  make  one  circulation  different  from  another  in  time  of 
occurrence,  extent,  duration,  direction,  and  intensity.  Hence  in 
considering  the  origin  and  nature  of  winds,  it  will  be  convenient 
to  classifv  them  as  follow's,  according  to  the  conditions  that 
initiate  or  materially  modify  them,  and  to  discuss  separately, 
under  its  appropriate  head,  each  distinct  and  well-recognized  sub- 
division. 

A. — ^^'inds  due  chiefly  to  local  heating — whirlwinds,  cumulus 
convection,  vallev  breezes,  sea  breezes. 
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/•>.— Winds  diK'  to  loc.il  c«M)lino- — la,j,i  1, Inezes,  nicninlain 
breezes,  glacier  winds,  bora,  mistral.  Xorwej^iaii  fall  winds,  con- 
tinental fallwinds. 

C. — Winds  due  to  simultaneous  adjacent  Ineal  heatin;;  and 
local  cooling — thunderstorm  winds. 

A^. — \\'inds  due  to  widespread  heatinj;  and  cooling — gradient 
winds,  monsoons,  trades,  antitrades,  tropical  cvclonic  winds, 
extratropical  cyclonic  winds,  anticyclonic  winds. 

E. — Forced  winds,  or  winds  caused  l)y  other  wintN — eddies, 
foehns  (Chinooks),  tornadoes. 

WINDS     DUE     TO     LOCAL     HEATING. 

Whirhiinds. 

During  clear,  calm  summer  afternoons,  particularly  during  a 
dr}-  spell  \\\\Q\\  vegetation  is  parched  and  the  ground  strongly 
heated,  dust  whirls  often  develop,  and  occasionally  travel  con- 
siderable distances  before  becoming  dissipated.  The  flatter  the 
region,  the  more  barren,  the  hotter  the  surface,  and  the  quieter  the 
air,  the  more  violent  such  whirls  become.  Hence,  level  deserts 
are  especially  frequented  by  such  winds,  amounting  at  times  to 
violent  storms,  though  never  more  than  a  few  metres  in  diameter. 
The  development  of  these  storms  in  which  convection  is  strong 
is  not  simple,  but  an  understanding  of  them  will  materially  help 
to  an  understanding  of  convection  due  to  heating  in  less  obvious 
cases. 

It  is  well  known  that  those  regions  in  which  violent  dust  or 
sand  whirls  occur  are  also  the  places  where  inferior  mirages  are 
most  frequent.  The  reason  for  this  coincidence  is  the  fact  that 
the  density  gradient  of  the  atmosphere  essential  to  the  production 
of  a  mirage  simulating  a  lake,  namely,  an  increase  of  density  wath 
elevation,  is  most  favorable  to  strong  vertical  convection.  Under 
these  conditions  the  air  is  in  that  same  unstable  equilibrium  that 
applies  to  a  column  of  liquid  whose  under  layer  is  lighter  than  the 
upper — whose  under  layer  is  oil,  say,  and  upper  layer  water. 

At  first  sight  it  might  seem  that  no  such  condition  of  con- 
siderable extent  can  obtain  in  nature;  that  as  soon  as  the  under 
layer  became  specifically  lighter  than  the  one  next  above,  they 
would  change  places.  A\'henever  a  cork,  for  instance,  is  let  go 
under  water  it  bobs  up.  Similarly,  a  balloon  rises,  without  ex- 
ception,  whenever  the  combined  weight  pi  gas,   envelope,  etc., 
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is  less  than  thai  of  tlic  atmosphere  displaced.  Why  then  should 
not  surface  air,  whenever  it  becomes  specifically  li|^diter  than  the 
air  above  it,  also  rise  immediately?  This  undoubtedly  is  just 
what  a  linn'ted  volume  of  li^ht  air  would  do  if  actually  sur- 
rounded on  all  sides  by  heavier  air.  IWu  surface  air  is  not  coui- 
pletely  surrounded  by  other  air;  its  condition  is  somewhat  anal- 
oi^ous  to  that  of  a  cork  whose  ilat  surface  is  pressed  against  the 
bottom  of  a  vessel  of  water.  The  cork  in  this  case  does  not  rise, 
simply  because  it  is  pressed  down  by  water  above  and  not  pushed 
up  by  water  beneath.  Similarly,  warm  air  covering  an  extensive 
flat  surface  is  pressed  down  by  the  superincumbent  atmosphere 
and  not  pushed  up  by  denser  air  below — there  is  no  denser  air 
below  to  push  it  up. 

Obviously,  though,  even  surface  air  under  the  given  con- 
ditions is  in  an  unstable  condition.  Hence  it  is  important  to  deter- 
mine that  vertical  temperature  gradient  which  reduces  super- 
adjacent  layers  of  air  to  the  same  density. 

Anto-convcction  Gradient. — Suppose  the  atmosphere  is  per- 
fectly quiet,  what  temperature  gradient  must  any  layer  of  it  have 
in  order  that  it  may  just  initiate  its  own  convection? 

Clearly   this  gradient  must  be   such   that   density   shall  just 

increase  with  elevation.     That  is,  the  ratio.    -^  ,  must  be   just 

ha 


positive. 

From 

pV  =  '^^RT 

P 

\\t  get 

r' 

Therefore, 

n-    ^    . 

But 

^^-m-T)- 

dp  = 

981  dh          981  pdh 
9S1  pdh=       ^   y      =       ^^^ 

Therefore, 

,  p    /981  dh   ,  dT\ 

^'-~Rf\-Rf-'^Ty 


and 


dp^   p 
dh    RT^ 


/981    ,  dT\ 
\R        dh)' 
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cncc,  since  ^r    is  negalive  iii  iIk'  ca>c  under  consideration, 


dp 


dh 

=  t). 

(IT 

981 

dh 

"  R  ' 

R 

=  2. 

871X10" 

dr 

dh 

=  — 

0.0003417. 

dh 

when 

I'm    for  dry  air, 
and 


Hence  when  dT  --  1     C,  dJi  =  29.27  metres. 

That  is,  in  order  that  an  under  layer  shall  have  the  >aine 
tlensity  as  the  next  above  it  the  temperature  must  decrease  i '  C. 
with  each  29.27  metres  increase  of  altitude,  or  3.52  times  faster 
than  the  adial)atic  rate  of  i  °  C.  per  102.93  "ictres.  In  order 
that  the  lower  layer  shall  be  distinctly  lighter  than  the  upper,  the 
temperature  decrease  with  increase  of  altitude  must  be  four  or 
five  times  the  adiabatic  rate. 

Obviously  an  extensive  layer  of  warm,  light  air  cannot  all 
rise  at  the  same  time.  It  must  rise  locally  and  in  streams,  if  at 
all.  Similarly,  the  upper  air  must  settle  locally,  if  at  all.  But 
during  the  time  mirage  conditions  are  maintained  the  surface  is 
strongly  heated,  so  that  any  air  that  might  reach  it  is  not  only 
warmed  dynamically  by  the  compression  to  which  it  is  subjected, 
in  settling  down,  but  also  by  the  heat  acquired  from  contact 
with  the  surface.  Hence,  any  settling  of  colder  air  from  above 
amounts  only  to  a  partial  removal  of  the  hot  and  therefore  light 
surface  air. 

It  might  seem,  however,  that  the  streams  of  rising  air,  above 
referred  to,  would  ascend  with  great  rapidity  and  in  such  volume 
as  quickly  to  exhaust  the  supply  of  warm  air.  But,  as  already 
stated,  the  heat  is  being  constantly  supplied,  and  therefore  the 
surface  layer  of  hot  air  continuously  renewed.  Besides,  the 
difference  in  weight  between  a  given  volume  of  a  rising  filament 
of  w^arm  air  and  an  equal  volume  of  adjacent  air  is  at  first  only 
an  exceedingly  small  fraction  of  the  weight  of  either.  Hence  the 
acceleration  wnth  which  it  moves  is  correspondingly  small.  In 
nearly  all  cases  the  feeble  streams  of  rising  hot  air  presumably 
are  pinched  off  by  the  adjacent  denser  air,  and  in  this  manner 
the  breaks,  as  it  were,  in  the  integrity  of  the  hot  surface  layer 
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iiR'lulcd  and  the  entire  convection  divided  into  innumerable  dis- 
continuous iilanients — mere  fitful  leaks  from  the  constantl\'  re- 
newed reservoir  of  hot  air. 

it  occasionally  happens,  however,  that  because  of  some  dis- 
turbance an  unusually  large  volume  of  warm  air  breaks  through 
and  rises  in  a  columnar  form.  Such  a  column  necessarily  pro- 
duces a  chimney-like  draft,  since  the  air  composing  it  is  warmer 
and  therefore  lighter  than  the  adjacent  air  on  the  outside.  Hence, 
however  established,  such  a  column  of  warm  air  will  maintain 
us  integrity,  or,  rather,  perpetuate  itself,  so  long  as  the  air  that 
is  forced  into  it  from  the  base  is  warm  and  light.  In  this  con- 
nection it  apparently  cannot  be  too  strongly  emphasized  that  the 
ascending  air  is  not  ''  drawn  "  up  any  more  than  air  is  ''  drawn  " 
up  a  chimney.  In  each  case  the  weight  of  the  column  of  warm 
air  is  less  than  the  \veight  of  an  adjacent  equal  column  of  cooler 
air,  and  the  static  unbalance  is  compensated  kinetically;  that  is, 
air  is  forced  up  the  column  in  question,  as  up  a  chimney,  because 
of,  and  in  proportion  to,  the  difTerence  between  its  density  and 
that  of  the  cooler  descending  air  outside.  Even  a  vena  con- 
tracta,  or  restricted  section,  is  formed  in  the  column  a  short  dis- 
tance— one  to  five  metres  often — above  the  surface,  as,  and  for 
the  same  reason  that,  such  a  restriction  occurs  in  a  jet  of  any 
fluid  shortly  after  its  issuance  from  an  ordinary  orifice. 

The  incoming  air  is  almost  certain  to  be  directed  to  one  side 
of  the  centre  of  the  rising  column,  and,  as  the  angular  momentum 
thus  established  tends  to  remain  constant,  a  correspondingly  vigor- 
ous whirl  is  developed  as  the  place  of  ascent  is  approached  that 
gathers  up  such  loose  materials  as  dust,  straws,  leaves,  etc. 
Furthermore,  this  rotation,  whether  clockwise  or  the  reverse, 
perpetuates  itself,  though  the  details  of  how  it  does  so  are,  per- 
haps, not  fully  understood.  Pictet,^*^  for  instance,  reports  ob- 
serving a  dust  whirl  near  Cairo,  Egypt,  that  began  on  a  small  sand 
mound,  remained  stationary  for  nearly  tw^o  hours,  then,  in  re- 
sponse to  a  gentle  breeze,  wandered  away,  but  maintained  its 
sharply  defined  outlines  and  great  altitude  until  lost  in  the  dis- 
tance, more  than  three  hours  later,  or  about  five  and  a  half 
hours  after  its  inception. 

^  Hildebrandsson  et  Teisserenc  de  Bort,  "  Les  Bases  de  la  Meteorologie 
dynamique,"  vol.  2,  pp.  286-288. 
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The  diameters  of  these  whirls  (seldom  mure  than  a  few  metres 
near  the  ^^roiind )  are  too  small  for  the  direction  of  their  gyration 
to  be  greatly  intUienced  by  the  rotation  of  the  ^arih.  Hence 
nearly  as  many  turn  in  one  sense  as  in  the  other.  Thev  have 
even  been  reported  to  reverse,  but  it  is  pn^bable  that  the  apparent 
changes  were  only  optical  illusions  similar  to  that  which  causes 
the  cup  anemometer  to  seem  to  reverse  its  rotation. 

The  height  to  which  the  whirling  column  rises  ( that  is,  the 
distance  between  the  base  of  the  column  and  its  mushroom  capi- 
tal), the  violence  of  the  whirl,  and,  in  some  measure,  even  its 
duration,  all  depend  u^kju  the  amount  of  surface  heating  and  the 
extent  to  which  the  lower  temperature  gradient  has  been  made 
greater  than  the  adiabatic.  When  this  heating  is  slight,  only 
those  small  and  gentle  dust  whirls  with  which  all  are  familiar 
can  be  generated  and  sustained.  When,  however,  the  heating  is 
pronounced,  as  it  often  is  over  level,  desert  regions,  the  whirl 
may  assume  almost  tornadic  violence.  But,  however  violent,  this 
sort  of  storm  is  never  a  tornado:  it  originates  near  the  surface 
and  is  sustained  by  the  supply  of  w-arm  air  from  below,  while 
the  true  tornado  is  generated  and  developed  by  conditions  that 
obtain  at  the  cloud  level. 

When  dust  whirls  pass  on  to  regions  where  the  surface  air  is 
not  so  strongly  heated — over  bodies  of  water,  for  instance,  or 
green  vegetation — they  no  longer  are  fed  with  air  relatively  so 
light  and.  as  a  rule,  quickly  come  to  rest.  Naturally,  too,  their 
frequency  varies  with  topography,  ground  covering,  latitude, 
season,  and  time  of  day.  Thus  they  are  most  frequent  of  after- 
noons and  least  of  early  mornings,  most  likely  to  occur  during 
summer  and  fall  and  least  during  winter  and  spring:  most  gen- 
erally found  in  tropical  and  semitropical  countries  and  least  in 
res^ions  of  hidi  latitude:  more  nimierous  over  barren  surfaces 
than  over  water  and  succulent  vegetation:  and,  finally,  more 
favored  by  level  regions  than  by  irregular  and  broken  ground. 

Cumulus  Convection. 

An  interesting  and  important  case  of  rapid  vertical  convec- 
tion resulting  from  the  local  application  of  heat  and  consequent 
establishment  of  strong  horizontal  temperature  contrasts  is  that 
displayed  by  the  turbulence  of  the  cumulus  cloud.  That  strong 
vertical  and'  irregular  movements  of  the  air  often  occur  in  large 
Vol.  184,  Xo.  1102—38 
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cnimilus  ck)uds  is  known  from  the  rapid  boiling  and  rolling 
motions  of  their  upper  portions,  from  the  deseriptions  of  bal- 
loonists  who  have  been  eaught  up  in  the  heart  of  a  thunderstorm, 
and  from  the  formation  of  hail  within  them.  This  latter  phe- 
nomenon, the  formation  of  hail,  implies  very  definitely  an  uprush 
of  at  least  8  to  to  metres  per  second  (20  miles  per  hour).  This, 
in  turn,  on  the  theory  of  the  chimney-like  action  of  a  warm  cen- 
tral column  of  air,  would  demand,  even  neglecting  viscosity,  the 
equivalent  of  a  column  1500  metres  high  and  1°  C.  warmer 
throughout  than  the  surrounding  atmosphere  at  the  same  level. 

The  chief  cause  of  the  horizontal  temperature  contrasts  neces- 
sary to  this  rapid  uprush  obviously  is  the  difference  between 
the  current  temperature  gradient  of  the  surrounding  atmosphere 
and  the  adiabatic  gradient  of  the  saturated  air  within  the  cloud 
itself,  full  details  of  which  will  be  given  in  the  chapter  on  the 
thunderstorm. 

The  common  level,  therefore,  of  a  considerable  number  of 
detached  but  neighboring  cumuli  is  one  of  rather  vigorous  con- 
vection— up  within  the  clouds  and  down  between  them — however 
free  from  turmoil  the  atmosphere  may  be  at  other  altitudes. 

Valley  Breeze. 

During  warm,  clear  days,  when  there  is  but  little  or  no  gen- 
eral wind,  a  gentle  breeze,  known  as  the  valley  breeze,  commonly 
blows  up  the  sides  of  mountains.  The  strength  of  this  breeze 
varies  greatly,  owing  to  the  size  of  the  mountain,  the  material 
of  its  covering,  and  the  conditions  of  its  surroundings.  The  cause 
of  some  of  these  variations  can  be  understood  by  reference  to 
Fig.  28. 

Case  I. — Mountain  Slope  Connecting  Wide  Plateaus  of  Dif- 
ferent Level. — Let  AD  be  the  upper  plateau,  BC  the  lower,  and 
AB  the  slope  connecting  them.  Further,  let  the  insolation  be 
vertical,  or  the  sun  directly  overhead.  If  now  the  slope  AB  is 
barren,  or  nearly  so,  it  will  become  strongly  heated  and  the  adja- 
cent air  correspondingly  expanded.  As  this  lighter  air  is  buoyed 
up  by  the  adjacent  denser  atmosphere  there  results  a  draft  in 
toward  the  side  of  the  mountain.  But  this  draft  is  all  along  the 
mountain  slope  from  top  to  bottom,  and  thus  in  a  measure  the 
warm  air  is  held  in  against  the  mountain  side.  Hence,  the  up- 
draft  along  the  side  of  the  mountain  is  analogous  to  that  in  a 
chimney. 
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In  addition  lo  this  (thxion^  chinnicy  effect  of  llic  mountain, 
there  is.  in  the  ca^e  under  consideration,  another  source  of  up- 
ward winds  that  causes  them  to  blow  up  aloni^^  even  shaded  and 
cool  ravines,  unless  snow-fdled  and  very  cold,  in  which  circum- 
stance local  density  is  the  controllin<^r  factor  and  air  drainage, 
or  a  downward  flow  of  the  air,  usually  prevails,  as  will  be  more 
fully  exi)lained  later.  The  early  morniui;  isobaric  levels,  i,  2, 
3.  etc.,  are  raised  by  heating  durinp^  the  day  to  hij^her  levels,  1',  2', 
3',  etc.  From  any  point  directly  above  the  foot  of  the  mountain 
the  amount  of  this  expansion  obviously  drops  off,  as  indicated 
in  the  figure,  as  the  side  of  the  mountain  is  approached,  llence 
a  pressure  gradient  is  established  toward  the  mountain  side  anil 

Fig.  28. 
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Effect  of  mountain  on  levels  of  isobars. 

plateau  beyond.  If  both  plateaus  are  broad,  a  perceptible  breeze 
of  several  hours'  duration  up  the  mountain  slope  and  onto  the 
higher  plateau  may  be  induced  in  this  manner.  Such  winds 
grow  stronger  as  the  top  of  the  mountain  is  approached.  At 
night,  after  sufficient  cooling  has  taken  place,  the  winds  reverse. 

To  form  some  idea  of  the  possible  magnitude  of  these  effects, 
let  the  difference  in  level  between  AD  and  BC  be  1.6  kilometres 
(one  mile),  and  let  the  air  between  these  levels  be  warmed  on 
the  average  5.5^  C.  (10°  F.),  then  the  increase  of  barometric 
pressure  at  A  will  be  about  2.5  mm.  (o.i  inch),  with  propor- 
tionate increases  along  the  side  of  the  mountain — quantities  quite 
sufficient  to  produce  a  decided  breeze. 

Similar  overflow  winds  occur  also  on  the  slopes  of  the  iso- 
lated mountain,  BAR,  whenever  the  air  on  the  opposite  sides  is 
unequally  heated.  Thus  the  landward  side  of  a  coast  mountain, 
for  instance,  on  a  still  warm  day  should  have  a  breeze  blowing 
up  it  and  out  to  sea. 
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C'asr  J. — Isolated  Moiiiilaiii  in  iJir  Midst  of  a  Unifoniily 
//rated  /Uaiii.  I  Icrc,  loo,  the  sides  of  the  nionntain  arc  heated 
and  correspoiuhn^-  upward  currents  inchiccd.  Tliere  also  is  ex- 
pansion of  the  air  over  the  adjacent  plains  and  a  tendency  to 
estabhsh  pressure  (gradients  towards  the  mountain,  as  in  the  case 
just  discussed.  lUil.  liowever  <;real  this  expansion,  tlie  gradients 
tluis  prochiccd  nc\er  cause,  in  the  present  case,  more  than  a  negH- 
gible  wind.  To  make  this  statement  obvious:  Let  the  ridge  A 
of  the  mountain  be  1.6  kilometres  (one  mile)  al>ove  the  plains 
liF  and  EC ;  let  the  width  of  the  base,  EB,  be  3.2  kilometres  (two 
miles),  and  let  the  air  be  heated  the  same  over  one  plain  as  over 
the  other.  Let  the  temperature  increase  of  the  air  during  the  day 
l)e  5.5''  C.  (10^  F. ),  or,  suppose,  i  part  in  50  of  the  absolute 
temperature.  Under  these  conditions  the  compensating  flow  of 
air  from  the  two  sides  must  amount  jointly  to  i  part  in  50  of  the 
volume  of  the  mountain;  that  is,  the  horizontal  flow  of  the  air 
from  either  side  of  the  given  mountain  must  average,  from  top 
to  bottom,  I  part  in  50  of  0.8  kilometre  (0.5  mile).  If,  further, 
this  is  extended  over  a  period  of  ten  hours,  as  it  may  well  be,  the 
average  velocity  will  amount  tO'  only  about  1.5  metres  (5  feet) 
per  hour — certainly  an  imperceptible  breeze. 

Clearly,  then,  the  breezes  that  ascend  mountain  sides  on  still 
clear  days  have  two  causes:  (a)  a  chimney  or  draft  effect  due 
to  surface  heating — always  present — and  (&)  a  pressure  gradient 
effect  due  to  expansion  of  the  air  over  an  adjacent  plain  or  valley 
— present  only  when  this  expansion  is  unequal  on  the  opposite 
sides  of  the  mountain,  or  when  the  base  levels  are  decidedly 
unequal  on  the  opposite  sides. 

Sea  Breeze. 

Whenever  a  strongly  heated  region  adjoins  one  whose  sur- 
face is  less  heated,  a  local  circulation  from  the  one  to  the  other 
obtains,  unless  prevented  by  W'inds  of  a  general  circulation.  Thus 
along  the  seashore,  beside  lakes  and  even  at  the  edge  of  favorably 
situated  forests,  a  breeze  (sea  breeze,  lake  breeze,  and  forest 
breeze,  respectively)  of  greater  or  less  strength  sets  in  during 
dry  summer  forenoons,  after  the  land  surface  has  become  suffi- 
ciently warmed  to  establish  decided  convection. 

Since  the  sea  breeze  obviouslv  ceases  at  that  level  where  the 
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bardiiu'iric  ])r(.'ssin\'  is  tlic  sanu-  alxivr  tlu-  land  that  il  i>  above 
I  ho  water,  and  since  llu-  cliani^v  of  ])rcssurc  with  change  of  alti- 
tude is  a  function  of  temperature,  it  follows  that  its  (le])th,  never 
i^rcat,  may  easily  l)c  computed  by  replacinj^  certain  [general  terms 
of  a  suitable  equation  by  t>l)served  temperature  and  ])re^sure 
data.  To  develop  such  an  equation  : 
Let  p  be  the  density  of  the  air,  then 

— dp  =  p  J,'  dh , 

in  w  hich  -dp  is  the  small  decrease  in  pressure  corresponding  to 
the  small  increase,  dh,  in  height,  and  (j  the  gravitational  accel- 
eration. 

From  the  general  equation, 


p 


in  which  p  is  the  pressure,  V  the  specific  volume,  R  the  gas  con- 
stant, and  T  the  absolute  temperature,  it  follows  that 


'=RT 


P 
p=^ 

Therefore, 


dp  _g  dh 
~~p~W^' 

Hence,  integrating  from  pQ,  corresponding  to  //  =  o,  to  p,  cor- 
responding tO'  Ji  =  h,  if  T  is  independent  of  //,  which,  as  a  first 
approximation,  its  average  value  may  be  assumed  to  be, 

The  value  of  the  first  half  of  this  equation  obviously  remains 
the  same  when  the  corresponding,  but  more  convenient,  barometric 
readings  h  and  B  are  substituted  for  p  and  p^^,  respectively.  Hence, 
also, 

^' B  RT 
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r>nl  tlic  lop  of  the  sea  breeze  clearly  is  where  there  is  no  hori- 
zontal (lilTercnce  of  j)ressnre,  or  where  db  -  o,  when  //  is  con- 
stant. I  lencc,  on  ditTerentiatinj;"  this  e(|nation,  kee])in^-  //  con- 
stant, it  is  seen  that 

and  that  the  depth  of  the  breeze,  h,  is  given  by  the  eqnation, 

dT    gB' 

Consider  a  typical  case:  Let  the  sea-level  reading  of  the 
barometer  on  land,  less  that  at  sea,  or  dB  =  o.^  mm. ;  let  the  tem- 
perature over  the  land  exceed  that  over  the  sea  by  dT  =  5^  C. ; 
let  T  =  300°  A. ;  let  B^  the  sea-level  barometer  reading  at  sea,  be 
760  mm.  R  for  dry  air  =  2.871  x  10^.  Then  the  depth  or  thick- 
ness, h,  of  the  sea  breeze  is  given  by  the  equation, 

h  =  ''^     ■    -^TT-^^  =  34,675  cm.  =  347  metres,  approximately. 
5        981X760 

The  sea  breeze,  usually,  as  just  explained,  not  more  than  500 
metres  deep,  starts  on  the  water,  seldom  attains  a  greater  velocity 
than  4.5  metres  per  second  (10  miles  per  hour:  the  greater  the 
temperature  contrast  the  stronger  the  breeze),  and  extends  inland, 
growing  feebler  and  warmer,  to  a  distance  of  only  16  to  40  kilo- 
metres (10  to  25  miles). 

In  a  very  important  sense  the  circulation  involved  in  this 
and  all  other  local  air  convections  is  incomplete,  since  in  such 
cases  the  path  along  which  a  given  particle  of  the  atmosphere 
flows  is  open  and  not  closed.  That  is,  the  air  that  goes  up  over 
the  heated  land,  in  the  case  of  the  sea  breeze,  for  instance,  does 
not  itself  return  by  way  of  the  w-ater ;  it  simply  spreads  out  at  the 
top  of  its  ascent  where  its  new  temperature  (above  assumption 
of  constancy  of  temperature  not  strictly  correct),  acquired  by 
adiabatic  expansion,  is  the  same  as  that  of  the  adjacent  atmos- 
phere, while  the  return  branch,  or  dow^n-flowing  portion  of  the 
circulation,  is  broad  and  gentle.  Hence  the  surface  air  always 
flows  from  the  cooler  toward  the  warmer  mass.  By  day  the  sea 
or  lake  breeze  is  on  shore,  because  the  soil  gets  warmer  than  the 
evaporating  water,  and  the  similar  forest  breeze,  always  feeble, 
away  from  the  woods. 
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WINDS  DUE  TO  LOCAL  COOLING. 

Land  Breeze. 

By  night,  when  ihc  (hrectiun  of  ihc  horizontal  temperature 
gradient  is-the  reverse  of  that  (hiring  the  day  (that  is,  when  the 
water  surface  is  rehitively  warm  and  the  soil  cool,  hecause  of  its 
rapid  radiation ),  the  direction  of  the  surface  wind  is  also  reversed 
or  ofl'shore.     This  is  the  well-known  lantl  breeze. 

Besides  being  reversed  in  direction  and  occurring  at  night 
instead  of  by  day,  the  land  breeze  further  differs  from  the  sea 
breeze  in  usually  being  very  much  the  weaker  of  the  two.  even 
though  aided  by  the  gravity  flow  of  the  cooler  surface  stratum  of 
air.  This  is  because  a,  the  temperature  contrast  between  land  and 
water,  is  less  by  night  than  by  day,  and  b,  the  surface  friction  over 
land  which  retards  the  land  breeze,  is  greater  than  the  water  fric- 
tion that  affects  the  sea  breeze.  Hence,  while  the  latter,  as  above 
stated,  reaches  16  to  40  kilometres  (10  to  25  miles)  inland,  the 
former  seldom  extends  more  than  8  to  10  kilometres  (5  to  6 
miles)  to  sea. 

The  depth  of  the  land  breeze,  usually  less  than  that  of  the  sea 
breeze,  obviously  may  be  computed  in  precisely  the  same  manner 
as  the  latter. 

Mountain  Breeze. 

During  clear  nights,  when  there  are  only  gentle  winds  or  none 
at  all  on  the  tops  of  hills  and  mountains,  there  usually  is  a  move- 
ment of  the  air  down  the  sides  and  along  the  basin  of  every  valley, 
most  pronounced  in  ravines  and  along  the  steeper  slopes.  When 
the  valley  is  long  and  steep  and  free  from  forests,  especially  if 
covered  with  snow,  and  when  the  flow  is  augmented  by  the  influ- 
ence of  an  adjacent  cyclonic  or  anti-cyclonic  system,  the  current 
of  down-flowing  air  may  attain  the  velocity  of  a  gale  and  become, 
in  fact,  a  veritable  aerial  torrent.  The  mountain  breezes  in  such 
cases  are  a  part  of  general  wind  systems,  and  in  some  localities 
have  been  given  special  names,  such  as  the  Bora,  for  example. 
The  o^entler  winds  of  this  class  are  known  indift'erentlv  as  the 
mountain  breeze  or  mountain  wind.  In  discussing  a  general  class 
of  descending  winds  to  which  he  gives  the  name  Katabatie  winds, 
Shaw  ^^  gives  the  following  elegant  description  of  the  mountain 
breeze :  

"'Sir   Napier   Shaw,   "A   Barometer   Manual   for  the   Use   of   Seamen," 

8th  ed..  1916.  p.  23. 


54^>  W.    J.     1  llMI'llkKYS.  IJ.  F.  I. 

**  At  iiii^lit  there  is  a  natural  tendency,  easily  explained,  for 
the  air  to  get  calm  at  the  surface  because  it  gets  cold.  On  clear 
nights  the  whole  landscape  gets  cooled  by  radiation,  and  the  air 
is  cooled  still  further.  As  it  cools  it  runs  down  the  hill  like  water 
until  the  whole  valley  becomes  fdled  with  a  river  of  air  flowing 
down  towards  the  sea. 


"  It  may  be  allowed  that  the  air  gains  in  temperature  by  i° 
for  every  190  feet  of  drop,  and  that  the  rise  of  temperature  will 
diminish  the  density  of  the  falling  air.  That  will  diminish  and 
may  stop  the  flow,  but  if  the  air  is  sufficiently  chilled  to  start 
with  and  gets  further  chilled  by  a  cold  surface  on  the  way,  very 
violent  winds  may  be  produced.  It  may  be  of  interest  to  suggest 
that  the  speed  attained  depends  upon  how  long  the  flow  is  kept 
up.  When  it  first  begins,  the  falling  front  has  to  push  the  air 
beneath  it  out  of  the  way,  but  when  the  current  is  established  from 
top  to  bottom,  there  is  only  the  surface  friction  to  retard  it,  and 
the  terminal  velocity  will  approach  to  that  given  by  the  ordinary 
formula  v  =  J  2  gJi;  if  the  velocity  is  to  be  given  in  feet  per 
second,  v  becomes  equal  to  8  -Jh-'' 

Glacier  Winds. 

It  is  well  known  that  a  draft  of  cold  air  often  is  found  blowing 
out  from  a  cave-like  opening  in  the  lower  end  of  a  glacier,  hence 
called  glacier  wind.  Similar  winds,  blowing  out  during  summer 
and  in  during  winter,  occasionally  are  found  at  the  mouths  of 
caves,  called  blowing  caverns,  on  the  sides  of  hills  or  mountains. 
In  the  volcanic  mountains  of  Japan  such  places  are  numerous  and 
extensively  used  for  cold  storage. ^^  In  each  case  the  explanation 
of  the  phenomenon  is  the  same  and  obvious.  The  cavity  extends 
quite  through  the  glacier,  or  earth,  as  the  case  may  be,  from  its 
lower  to  its  higher  openings.  Let  this  difference  in  elevation  be 
250  metres ;  let  the  average  temperature  of  the  air  inside  the 
cavity  be  o^  C,  and  of  that  outside  at  the  same  level  15°  C.  The 
density  of  the  inner  air  will  be  to  that  of  the  outer  approximately 
as  19  to  18,  and  the  pressure  head,  producing  an  inverse  chiinney 
effect,  about  14  metres.     Neglecting  friction — usually,  however, 
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an  cxlrciiR'ly  iniportaiii  factor  this  would  ^'i\c  tlu-  c-xit  air  a 
coiiipiitod  vclocily  of  about  16.6  niclres  jkt  second  (37.1  miles 
per  hour) — a  very  appreciable  ^ale.  'i'he  velocity  or  strenj^nh  of 
this  wind,  other  things  bcin<^  equal,  varies  as  the  square  root 
of  the  difference  in  level  l)etween  the  lower  and  upper  openinjj^s. 
In  the  case  of  a  .qlacier,  draina<;e  obviously  obtains  in  sub- 
stantially the  same  manner,  whether  the  air  passes  in  a  concen- 
trated stream  through  a  cavity  or  alon<^  a  crevice  within  the  ice, 
or  merely  flows  in  a  broad  sheet  over  the  top  surface.  Clearly, 
too,  the  same  sort  of  aerial  cascades  (exa^^^^i^erated  mountain 
winds)  must  occur,  especially  durin<;  summer  nij^dits,  over  any 
banks  of  snow  that  may  exist  in  the  upper  and  steeper  reaches  of 
canyons  and  mountain  valleys.  Such  winds  necessarilv  are  shal- 
low and  therefore,  when  swift,  a  treacherous  source  of  dan<^er 


to  the  landing  aviator. 


The  Bora. 


From  the  above  explanation  and  examples  of  aerial  drainage 
it  is  obvious  that  similar  winds  must  often  blow  down  steep  slopes 
that  separate  high,  snow-covered  plateaus  or  mountain  ranges 
from  adjacent  bodies  of  relatively  warm  water.  Thus  when  an 
anticyclone  covers  such  a  region  during  winter  the  surface  air 
becomes  very  cold  and  correspondingly  dense  until,  unless  other- 
wise dissipated,  it  overflows  restraining  ridges  or  drains  away 
through  passes  and  gaps.  Clearly,  too,  this  flow  must  be  most 
frequent  and  strongest  during  the  early  morning,  since  that  is  the 
coldest  time  of  the  day,  and  least  frequent  of  mid-afternoons. 
In  many  instances  during  anticyclonic  weather  the  air  as  it  leaves 
the  snow  fields  is  so  cold  that  in  spite  of  dynamical  heating  it 
even  reaches  the  sea  at  freezing  temperatures  and  very  dry. 
When,  however,  the  drainage  is  amplified,  if  not  even  started,  by 
the  pressure  gradients  (to  which  the  final  velocity  bears  no  special 
relation)  due  to  a  properly  situated  "  low,"  it  usually  is  associated 
with  a  counter  cyclonic  current  above  and  therefore  accompanied 
by  rain,  sleet,  or  snow. 

Probably  the  best  know^n  of  all  these  violent  fallwinds  is 
the  bora  of  the  northeast  Adriatic,  especially  at  Trieste,  Fiume, 
and  Zengg.  The  boras  of  these  places,  however,  are  not  from 
the  north,  as  the  name  implies,  but  rather  from  the  northeast 
and  east-northeast. 
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Another  excellent  example  of  this  kind  of  wind  occurs  at 
Novorossisk,  a  Russian  port  on  the  northeast  coast  of  the  l>lack 
Sea,  where  it  blows  down  from  a,  nearby  pass  in  the  mountains, 
occasionally  with  destructive  violence.  Probably,  also,  the  brief 
but  sudden  and  violent  williwaws  of  steep,  high  latitude  coasts 
have  a  similar  origin. 

Mistral. 

Another  instance  of  convection  due  essentially  to  coolini^  is 
the  well-known  mistral,  or  dry,  cold  northerly  wind  of  the  Rhone 
Valley.  Here  the  more  or  less  persistent  winter  low  over  the 
warm  waters  of  the  Gulf  of  Lyon  to  the  south  and  the  frecjuent 
highs  over  the  snow-covered  plateaus  of  southeastern  France  to 
the  north  often  cooperate  in  such  manner  as  to  produce  extensive 
air  drainage  down  the  low^er  Rhone  A^alley.  In  general  the  cause 
of  the  mistral  and  its  actions  are  the  same  as  those  of  the  bora. 
It  is  less  violent,  however — its  path  less  steep,  and  therefore 
itself  not  so  distinctly  an  aerial  cataract.  Similar  winds  occur, 
of  course,  under  like  circumstances  in  other  parts  of  the  world, 
but  the  mistral  is  the  best  known  of  its  class. 

N'orwegian  Falhvinds. 

An  extensive  fallwind,  which,  because  of  its  importance  and 
the  fact  that  it  is  more  or  less  unique,  deserves  especial  mention, 
frequently  occurs  during  winter  along  the  coast  of  Norway. 
Sandstrom,^^  in  one  of  his  interesting  atmospheric  studies,  de- 
scribes it  as  follows :  ''In  winter,  as  one  steams  along  the  north- 
west coast  of  Norway,  there  is  frequent  opportunity  to  observe  a 
peculiar  meteorological  phenomenon.  Fine  weather  prevails  over 
a  narrow  strip  along  the  coast,  while  a  heavy  bank  of  cloud  is 
visible  out  to  seaward.  Of  course,  coastwise  traffic  is  greatly 
favored  by  this  fine-weather  strip  and  takes  full  advantage  of  it. 
Throughout  this  zone  of  fine  weather  prevails  a  cuttingly  cold 
wind  so  strong  that  one  can  scarce  stand  against  it  when  on  deck. 
The  maximum  velocity  of  this  \vind  is  attained  near  shore,  where 
the  water  is  whipped  up  into  whirls  and  miniature  waterspouts. 
Evidently  the  wind  here  plunges  down  upon  the  water  from 
above,  and  with  great  force. 

^  Mount  Weather  Bulletin,  5,  p.  129,  1912. 


Oct..  1917. I  i'llVSlLS    (U'    TIIK    AlK.  54<) 

**  I'poii  Icavini;-  the  steamer  and  travelling  inland  np  the  nionn- 
tain  slopes  on  skis,  strong  head  winds  oppose  progress.  This 
easterly  wind  is  still  very  strong  on  the  great  divide  of  the 
Scandinavian  Peninsnla.  P>nt  observations  of  the  cloud  caps  on 
the  highest  peaks  of  the  range  show  that  a  westerly  wind  is 
blowing  at  those  great  altitudes.  It  is  clear  that  a  lively  inter- 
change of  air  between  llie  Xorth  Atlantic  Ocean  and  the  conti- 
nent is  taking  place  above  the  Scandinavian  highlands.  This 
exchange  takes  place  along  either  side  of  a  glide  surface  whose 
altitude  above  the  ground  at  the  divide  may  be  estimated  at 
about  1000  metres.  In  fact,  at  the  kite  station  Vassijaur  it 
proved  almost  impossible  to  raise  the  kites  above  that  level,  evi- 
dently because  they  there  encountered  a  glide  surface  through 
which  they  cannot  pass,  since  the  wind  has  opposite  directions 
on  the  two  sides  of  this  surface,  and  therefore  calm  must  prevail 
at  the  glide  surface  itself.  The  altitude  of  this  glide  surface 
decreases  to  the  Atlantic  Ocean.  The  air  l)elow  this  surface 
flows  toward  the  west,  and  above  the  surface  it  flows  toward  the 
east." 

Continental  Falhcinds. 

From  the  above  discussion  of  winds  that  result  from  surface 
cooling  it  is  obvious  that  they  are  of  very  general  occurrence, 
especially  during  cold  weather  and  down  the  valleys  and  slopes 
of  high,  snow-covered  regions.  Hence  one  would  expect  drainage 
winds  to  obtain  to  a  greater  or  less  extent  during  winter  over 
the  middle  and  high  latitude  regions  of  every  continent.  Where 
the  elevation  and  slope  are  slight,  however,  as  they  are,  with  but 
minor  exceptions,  over  all  Xorth  America  east  of  the  Rocky 
Mountains,  over  Russia,  and  over  Siberia,  except  the  eastern 
portion,  this  drainage  necessarily  must  be  comparatively  sluggish. 

On  the  other  hand,  there  are  two  regions  of  continental  ex- 
tent— Greenland,  with  an  area  of  about  827,000  square  miles,  and 
Antarctica,  with  an  area  of,  roughly,  4,600,000  square  miles — 
that  are  ideally  located  for,  and  perfectly  adapted  to,  the  produc- 
tion of  strong  and  almost  continuous  fall  winds. 

Greenland,  as  is  well  knowm,  is  continuously  covered  with  an 
enormous  ice  cap  that  rises  to  a  gently  rounded  plateau  of. 
roughly,  from  2000  to  3000  metres  (7000  to  10,000  feet)  ele- 
vation. This  plateau,  whose  crest  runs  approximately  north  and 
south,  has  been  crossed  several  times — six  in  all — at  as  many 
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dilYereiU  places,  and  in  each  case  nearly  constant  down-slope  or 
drainage  winds  of  greater  or  less  strength  were  experienced. 

Thronghout  ils  great  area,  therefore,  Greenland  is  a  region  of 
almost  perpetual  aerial  cascades  and  cataracts.  The  continuous 
refrigerative  inllucnce  of  its  enormous  ice  cap,  covering  an  area 
iS  times  that  of  the  state  of  PennsyKania  and  i-ising  at  places 
to  an  elevation  of  over  three  kilometres  (two  miles),  not  only 
controls  the  direction  and  velocity  of  nearly  all  local  winds,  but 
obviously  must  be  of  decided  influence  on  the  general  circulation 
of  the  middle  and  higher  latitudes  of  the  whole  northern  hemis- 
phere— an  important  circumstance  that  will  be  taken  up  later. 

Antarctica,  according  to  the  reports  of  all  its  explorers,  is 
quite  as  completely  covered  with  ice  as  is  Greenland,  and  it  also 
rises,  more  or  less  dome-like,  to  fully  as  great  altitudes.  Hence 
it  \vould  seem  that  its  general  effect  on  the  movement  of  the  air 
must  be  very  similar  to  that  of  its  great  counterpart  in  the 
northern  hemisphere — an  inference  now  fully  borne  out  by  the 
many  accounts  and  records  of  those  who  have  skirted  its  coasts, 
crossed  its  plateaus,  or  wintered  on  its  borders.  Sir  Douglas 
Mawson,  for  instance,  whO'  spent  many  months  during  19 12-13 
at  Adelie  Land,  latitude  67°  S.,  on  the  edge  of  the  continent 
almost  directly  south  of  Tasmania,  reports  an  average  wind 
velocity  for  an  entire  year,  from  the  interior  toward  the  sea, 
of  more  than  22.4  metres  per  second  (50  miles  per  hour).  "  Day 
after  day,"  he  says,  "  the  wind  fluctuated  bet\veen  a  gale  and  a 
hurricane."  Velocities  of  100  miles  and  over  per  hour  occurred, 
and  gusts  of  even  much  greater  velocity  occasionally  were  re- 
corded. These  measurements  were  made  at  the  main  station  on 
the  declivitous  border  that  connects  the  inner  ice  plateau  with  the 
ocean.  Back  some  distance  inland,  where  the  slope  is  gentle, 
the  winds  were  less  severe.  At  sea,  also,  these  continental  drain- 
age winds  decreased  in  intensity  with  increase  of  distance  from 
shore,  and  ceased  altogether  at  a  distance  of  about  300  kilometres 
(187  miles),  where  the  westerlies  became  effective.  Obviously, 
therefore,  this  particular  station  was  located  in  one  of  the  wind- 
iest places  in  the  world — in  an  aerial  cataract  where  the  cold 
drainage  air  of  the  ice  plateau  rushes  down  a  steep  coastal  slope 
to  the  sea. 

Similar  winds  of  varying  intensity  and  irregular  duration  are 
reported  all  along  the  Antarctic  border,  from  every  inland  station 
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ami  I'roin  ciul  i«>  ciul  ol  c\cr\  cxpldrinj;  irail.  (  IcarK',  then,  ilic 
winds  c>t  Antarclioa.  th(>ui;h  due  essentially  to  cooling,  neverthe- 
less, because  o{  the  extensive  area  they  cover,  helonj^  also  to 
those  threat  circulations  that  are  stron^^ly  influenced  by  earth  rota- 
tion, and  therefore  constitute  an  important  part  of  the  ^^^Mieral 
circulation  of  the  almospliere,  under  which  liead  the\-  will  ai^^'lin 
he  considered. 

{To   he   contitntrd.) 


Gear  Ratios  for  Cars  in  City  Service.  Axox.  (Electric  Rail- 
way Journal  vol.  50,  Xo.  4,  p.  132,  July  28,  1917.) — The  only  effect 
of  a  low  gear  ratio,  or  the  use  of  large  pinions  in  city  service,  is  to 
])rovide  high  maximum  speed,  which  has  no  value,  and  provides  this 
high  speed  at  the  expense  of  energy  consumption  and  schedule 
speed,  which  have  great  value.  The  capacity  for  high  maximum 
speed  does  not  necessarily  produce  high  schedule  sj^eed ;  in  other 
words,  a  city  car's  ability  to  run  fast  is  usually  worthless  as  a  time 
saver. 

That  the  very  definite  laws  governing  gear  ratios  for  city  service 
should  be  disregarded  to  the  extent  that  companies  retain  the  numer- 
ous 1 6- tooth  and  17-tooth  pinions  that  are  in  operation  to-day  under 
congested  traffic  conditions  may  perhaps  be  due  to  the  complication 
arising  from  the  common  custom  of  considering  both  distance  and 
time  elements  in  connection  with  the  subject  of  city  car  movement. 
However,  consideration  of  only  the  time  element  is  quite  feasible. 
Thus  it  may  be  said  that  the  reason  why  high  maximum  speed  is 
worthless  in  city  service  is  that  the  stops  come  at  intervals  of  only 
about  40  seconds,  or  some  other  figure  of  that  order.  If  a  6-second 
stop  is  assumed,  the  next  time  interval  devoted  to  the  movement  of 
the  car  between  stops  becomes  34  seconds,  and  even  with  straight- 
line  acceleration  and  braking  at  a  rate  of  1.5  m.  p.  h.  p.  s.,  the  maxi- 
mum speed  that  the  car  could  attain  would  be  25.5  m.  p.  h.  That  is, 
with  34  seconds  devoted  to  car  movement,  only  17  seconds  could 
be  allowed  for  acceleration,  the  remainder  having  to  be  reserved  for 
braking  in  order  to  make  the  next  stop.  Even  if  the  car  were  geared 
to  make  30  m.  p.  h.  and  had  motors  large  enough  to  accelerate  at 
1.5  m.  p.  h.  p.  s..  with  that  gearing  it  would  be  impossible  to  attain 
the  30-mile  speed. 

If  a  pinion  small  enough  to  reduce  the  maximum  speed  from  30 
m.  p.  h.  to  22.5  m.  p.  h.  should  be  installed,  the  rate  of  acceleration 
would  obviously  be  increased  to  2  m.  p.  h.  p.  s.    \\\\\\  the  sarne  brak- 
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in<(  rate  of  1.5  111.  ]).  li.  p.  s.  as  1)otoro,  and  the  same  number  of  stops, 
the  whole  advantaj^e  j^ained  1)>  the  smaller  pinion  may  be  apj^lied  to 
savini,^  enerjj^y.  In  this  ease  i)ovver  may  be  shut  off  after  9.75  sec- 
onds of  acceleration,  allowinj^  the  car  to  coast  for  12. 25  seconds, 
and  then  apply inu:  the  brakes  for  12  seconds  the  run  may  be  com- 
pleted in  the  same  time  interval  as  before.  The  savinj^  of  energy 
will  be  43  ]H'r  cent.,  because  of  the  greatly  reduced  time  during 
which  power  is  applied.  Tn  cases  where  stops  are  reasonably  fre- 
(juent.  city  cars  now  litted  with  pinions  of  t6  or  more  teeth  may  with 
advantage  be  fitted  with  smaller  ])inions.  The  change,  for  example, 
even  from  a  i6-tooth  pinion  involves  about  6  i)er  cent,  less  time  on 
resistance,  and  that  alone  in  the  course  of  a  year  efTects  a  saving 
of  about  $20  per  car.  The  capital  expense  is,  of  c6urse,  nothing, 
provided  the  change  is  made  at  the  time  when  worn-out  gears  are 
being  replaced. 

Modified  Pitot  Gives  High  Accuracy.  Anon.  (Engineering 
News-Record,  vol.  78,  No.  11,  p.  570,  June  14,  1917.) — The  pitot 
tube  has  long  been  used  as  a  device  for  measuring  the  flow  of  liquids 
and  gases,  but  only  when  used  with  the  utmost  care  have  the  results 
proved  uniform.  Fundamentally  the  pitot  tube  consists  of  a  U-tube 
one  leg  of  which  enters  the  stream  normally  to  the  direction  of  the 
iiow,  while  the  other  leg  is  bent  around  so  that  the  cross-section  of 
the  tube  faces  the  direction  of  flow.  The  diiTerence  in  height  to 
which  the  liquid  rises  in  the  legs  of  the  U-tube  represents  the 
velocity  head  of  the  stream.  The  velocity  computed  from  this  head 
entails  a  variable  coefHcient  whose  value  is  subject  to  some  un- 
certainty. 

With  a  view  to  eliminating  this  defect,  Prof.  H.  A.  Thomas  has 
devised  what  may  be  termed  the  "  Hydraulic  Shunt-Flow  Tube," 
which  is  described  in  the  March  issue  of  the  Rose  Technic,  page 
176.  In  this  device,  as  before,  one  leg  of  the  U-tube  enters  the 
stream  normally  to  the  direction  of  flow,  but  the  other  leg  com- 
municates with  a  tube  placed  within  the  stream  parallel  to  the 
direction  of  flow,  through  which  discharge  takes  place.  If  this  dis- 
charge be  so  governed  that  the  pressure  heads  in  both  branches  of 
the  U  are  alike,  the  conditions  of  flow  in  the  main  stream  and  dis- 
charge tube  are  identical  and  the  velocity  of  the  stream  may  be 
deduced  from  the  quantity  discharged,  the  area  of  the  tip  opening, 
and  the  tip  coefiflcient.  It  is  possible  to  demonstrate  that  turbulent 
flow  should  not  afl:'ect  the  coefficient  of  this  tip.  Theoretically  the 
tip-coefiflcient  should  be  unity,  but  a  series  of  experiments  under- 
taken with  this  in  view  show^  that  it  varies  less  than  4  per  cent., 
while  the  pitot  coefficient  under  like  conditions  varies  more  than  4 
per  cent. 


MODERN    DYNAMO   ELECTRIC   MACHINERY.* 

BY 

ALEXANDER  GRAY,  M.Sc, 

Professor  of  Electrical  EnKini-crinK,  Cornell  University,  Ithaca,  N.  Y. 
ROTARY    CONVERTERS. 

One  of  the  most  interesting-  developments  in  the  last  few 
years  is  that  of  the  sixty-cycle  rotary  converter."  U])  until  1909 
the  record  of  these  machines  was  so  poor  tliat  man\  operating 
engineers  preferred  the  motor-generator  set  in  spite  of  the  fact 
that  it  cost  more,  had  a  lower  efficiency,  and  occupied  more  space. 
Many  improvements,  however,  have  been  made  in  the  last  eight 
years,  both  in  design  and  in  construction,  with  the  result  that  for 
voltages  less  than  750  the  sixty-cycle  rotary  is  being  installed  in 
large  numbers.  The  Aluminum  Company  of  America  has  in- 
stalled eighteen  of  these  machines,  each  with  a  normal  capacity 
of  2500  kilowatts,  in  its  new  plant  at  Messina.-'^ 

Theory  of  Operation. — In  order  the  better  to  understand  the 
problems  involved  in  the  design  of  modern  rotarv  converters  it 
\\\\\  be  advisable  to  review  the  theory  of  operation  of  the  poly- 
phase machine. 

The  diagram  in  Fig.  82  represents  a  two-pole  direct-current 
generator  with  the  armature  winding  tapped  at  six  points  to 
form  a  six-phase  converter,  which  converter  is  connected  to  a 
three-phase  line  through  transformers,  the  diametrical  connection 
being  used.  If  three-phase  alternating  voltages  are  applied  to  the 
primary  side  of  the  transformers,  the  converter  will  run  as  a 
synchronous  motor,  but  at  the  same  time  a  direct  voltage  will  be 
found  between  the  brushes  B+  and  B-  just  as  if  the  machine  were 
the  direct-current  generator  of  a  motor-generator  set.  If  the 
brushes  are  connected  to  an  external  circuit  and  a  direct  current 
is  drawn  from  the  machine,  equivalent  alternating  currents  will 
be  drawn  from  the  alternating-current  mains  just  as  if  the  machine 
were  the  synchronous  motor  of  a  motor-generator  set.  The  re- 
sultant current  in  an  armature  conductor  at  any  instant  is  the 

*  Concluded   from  page  433,   September  issue. 

^"The  Engineering  Evolution  of  Electrical  Apparatus,"  by  Xewbiiry, 
Electric  Journal,  vol.   12,  p.  27. 

'^  *'  45,ooo-k\v.  Synchronous  Converter  Substation."  by  Burnham  and 
]Muir,  General  Electric  Revieu:,  vol.  18,  p.  873. 
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(lifferencc  between  the  motor  and  the  j^encrator  currents  that  are 
tlowin^-  in  the  conductor  at  that  instant. 

/  'olfiu/r  ami  Ciirroit  Relations. — There  is  a  fixed  ratio  be- 

I'Ki.   82. 


B- 

Six-phase  rotary  converter  connected  to  a  three-phase  line  by  the  diametrical  connection  of 

transformers. 


m     a 

Currents  in  the  three-phase  leads  of  a  six-phase  rotary  converter. 

tween  Eac,  the  back-generated  alternating  voltage,  and  Eac,  the 
generated  direct  voltage,  because  both  are  caused  by  rotation  in 
the  same  magnetic  field.  In  Fig.  82  the  back-generated  voltage 
between  the  slip  rings  a  and  h  has  its  maximum  value  when  the 
armature  is  in  the  position  shown,  but  the  voltage  between  these 
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two  rin^s  al  that  instant  i>  also  c(iual  to  /:,/,,  ilic  voltage  between 
the  l)rii^lios.  .so  that 

7:,,,,  =  maxiiiiuin   value  of   E^^ 

=^  ctTccivc  valiK"  of  Z:,,^   X     \^ 2 


current  in  ph. 


current  in  ph. 3. 


current  in  ph. a. 


Distribution  of  alternating  current  in  the  winding  at  the  instant  ni,  Fig.  S3,  the  winding 
being  connected  six-phase,  as  in  Fig.  82. 

For  this  particular  type  of  rotary  converter  we  also  have  the 
relation 


or 


^(ic^dc  ^^  3    ^    ^ac    ^    A/c    ^    ^ffi^-    -^    power   factor 


Ig^  efifective  =  0.47  X  I^^^  X  eftic.  X  power  factor 


Aniiatiivc  Reaction. — Consider  the  case  where  the  tield  exci- 
tation is  so  adjusted  that  the  rotary  is  operating  on  the  alter- 
nating-current side  as  a  synchronous  motor  at  100  per  cent, 
power  factor.  Under  these  conditions  the  current  in  each  phase 
of  the  winding  reaches  a  maximum  at  the  same  instant  as  the 
back-generated  vokage  in  that  phase,  but  is  directly  opposed  to  it. 
At  the  instant  the  voltage  in  phase  i  has  its  maximum  value  the 
armature  is  in  the  position  shown  in  Fig.  84,  the  currents  in  the 
three  phases  have  the  vahies  shown  at  ;//  in  Fig.  83,  the  distribu- 
tion of  current  in  each  phase  of  the  winding  is  as  shown  in  the 
three  diagrams  in  Fig.  84,  and  the  resultant  distribution  of  cur- 
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rent  in  the  windinj^'  due  to  all  ilircc  phases  is  also  shown.  'Jhe 
arnialurc  reaction  is  cross-magnetizinj^  as  in  a  direct-current 
machine. 

It  is  generally  assumed  that  the  armature  field  of  a  polyphase 
synchronous  motor  is  constant  in  magnitude  and  is  fixed  in  direc- 
tion relative  to  the  main  poles ;  let  us  examine  the  field  at  the 

Fk;.  X5. 


Distribution  of  alternating  current  in  the  winding  at  the  instant  w,  Fig.  83. 

Fig.  86. 


Distribution  of  direct  current  in  the  winding  at  any  instant. 

instant  n,  Fig.  83,  when  the  current  in  phase  2  is  zero.  The 
armature  is  then  in  the  position  shoAvn  in  Fig.  85,  and  the  re- 
sultant distribution  of  current  in  the  winding  due  to  all  three 
phases  gives  a  magnetomotive  force  in  the  same  direction  as  in 
Fig.  84. 

If  the  machine  were  acting  as  a  direct-current  generator,  the 
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clireclion  of  llic  currents  in  the  condiieturs  would  Ik-  as  shown 
in  V'lg.  86,  and  if  this  latter  diaj;rani  ho  .su|)crinii)osc(l  nn  cither 
Fig.  S4  or  S5  it  will  he  seen  that,  S(»  far  as  eonmuitation  is  con- 
cerned, the  rotary  converter  is  like  a  partially  compensated  direct- 
current  general(M- ;  also,  that  the  average  copj)cr  loss  per  conductor 
is  less  than  that  of  the  same  machine  o]K.Tatinj;"  as  a  direct- 
current  generator,  l>ecause,  as  already  pointed  out,  the  resultant 
current  in  each  armature  conductor  at  anv  instant  i>  the  diffcr- 

Vic.  S7. 

ac. 


Variation  of  current  in  the  conductor  a  during  one  revolution. 


Variation  of  current  in  the  conductor  b  during  one  revolution. 

ence  between  the  direct  and  the  alternating  currents   that  are 
flowing  in  the  conductor  at  that  instant. 

The  armature  reaction  due  to  the  direct  current  is  shown  in 
Fig.  86  and  has  a  value  per  pair  of  poles  of 

^2  Z  X   y2  /^p  =  0.25  Z  /^g  ampere-turns 

Where   Z   is   the   total   number   of   armature   conductors. 

The  armature  reaction  due  to  the  alternating  current  has  a 
value  per  pair  of  poles  of 

Vs  Z   X  I  ,nax  =  0-22  Z  I ^^  from  Fig.  84 
H  ^  X  0.866  /„,„^  =  o.ig  Z  I^c^^^^  ^ig.  85 
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so  thai  llir  resultant  aniiatiirc  rc-actioii  varies  (liiriiio-  \/,^  of  a 
CNclc  between  o.o^^  '/.  I <ir  and  o.of)  /  hi,-  anipere-Uirns  per  pair  of 
poles,  or  between  u  and  24  per  eent.  of  the  armature  reaction 
due  to  the  direct  current  actini;  alone. 

,  Innaturc  Heating. — 'Hie  variation  of  the  current  in  the  arma- 
ture conductors  duriui^-  one  revolution  may  he  found  as  follows: 
The  direct  current  in  conductors  a  and  /;.  1m<j^.  (S4,  reverses  as 
these  conductors  pass  under  the  brush,  while  the  alternating  cur- 
rent in  these  conductors  is  the  same  at  any  instant  and  has  its 
maximum  value  when  the  winding  is  in  the  position  shown  in 
Fig.  84.  These  two  currents  are  plotted  in  Fig.  87  and  the  re- 
sultant current  obtained  by  finding  the  sum  of  the  two  components 
at  each  instant.  The  loss  in  the  conductors  is  proportional  to  the 
average  value  of  the  square  of  the  resultant  current,  and  is  greater 
in  conductor  b  than  in  conductor  a,  but  in  both  conductors  is 
less  than  would  be  caused  by  the  direct  current  alone.  The  efYect 
of  reducing  the  power  factor  of  the  converter  is  to  increase  the 
alternating  current  for  a  given  direct  current  and  also  to  change 
their  phase  relation  sO'  that  they  do  not  neutralize  so  closely.  The 
relative  loss  in  the  conductors  for  different  power  factors  and  for 
different  polyphase  connections  is  given  in  the  table  below'. 


Relative  armature  copper  loss 

Relative  loss  in  conductors 

next  the  taps 

Number  of 
collector  rings 

Power 

factor,  100 

per  cent. 

Power 

factor,  98.5 

per  cent. 

Power 
factor,  94 
per  cent. 

1 

Power            Power 

factor,  100  factor,  98.5 

per  cent.       per  cent. 

1 

Power 
factor,  94 
per  cent. 

Direct  Current 

3 

6 

12 

I.O 
0.587 
0.274 
0.209 

I.O 
0.627 
0.304 
0.236 

I.O 

0-753 
0.400 

0.326 

I.O                   I.O 

1.249          1-594 
0.430         0.614 
0.249     1     0.354 

I.O 

2.048 
0.874 
0.525 

The  above  table  show^s  why  rotary  converters  are  operated 
at  about  loo  per  cent,  powder  factor  and  are  not  used,  as  are 
synchronous  motors,  for  power  factor  control  of  circuits.  It 
also  shows  the  advantage  of  a  large  number  of  phases ;  few^  ro- 
taries  above  250-kilow^att  output  have  less  than  six  phases,  while 
twelve  phases  have  been  considered  for  larger  machines. 

Troubles  in  Rotary  Converters. — The  rotary  converter  is  sub- 
ject to  the  troubles  of  both  the  synchronous  motor  and  the  direct- 
current  generator.     One  of  the  first  troubles  encountered  was 
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lulntin^^  This  was  cured  by  the  adcUlion  of  (himpers  to  the  pole 
face.  One  of  the  first  tyiw  to  he  used  was  the  cast  ^rid  damix?r 
shown  in  h^ij;.  8S.  and  this  has  f^rathially  been  improved  up(JU 
until  now  the  usual  practice  is  to  put  a  s(|uirrel-cajre  winding^ 
on  the  pt>le  faces,  as  shown  in  l'i<^^  S9.  whicli  winding,  as  in 
the  case  of  the  squirrel-cage  induction  motor,  causes  a  restoring 
torque  to  be  developed  as  soon  as  the  armature  speed  varies  from 
synchronism,  which  it  docs  when  the  machine  is  hunting. 

Fig.  88. 


Rotary  converter  field,  showing  copper  dampers  on  poles. 

The  problem  of  hunting  having  been  solved,  that  of  commuta- 
tion now  received  additional  attention,  and  as  the  rotary  converter 
designs  were  worked  up  b}-  men  familiar  with  direct-current 
practice,  it  is  not  surprising  to  lind  that  the  development  of  the 
direct-current  generator  was  paralleled  by  the  development  of  the 
rotary  converter,  and  that  interpoles  began  to  come  into  general 
use  in  1909  and  the  speeds  for  a  given  output  to  increase. 

In  the  case  of  the  motor-generator  set.  where  there  is  no 
restriction  to  the  speed  except  that  the  operation  shall  be  satis- 


56o 


Alexander  (iuAY. 


IJ.  F.  I. 


factory  and  the  cost  a  minimum,  the  i^radual  increase  in  speed  is 
indicated  l)v  the  following  figures : 

I^ate  Poles  Kilowatts  Revolutions  per  minute 

1906    10  1000  514 

191O  ^  1000  750 

I916   6  TOGO  900 

The  maximum  speed  for  a  direct-current  machine  of  a  given 
output  is  limited  by  sparking,  and  the  sparking  limit  may  be  raised 
by  the  addition  of  interpoles.  The  speed  is  also  limited  by  the 
tendency  of  the  machine  to  flash  over  when  the  average  voltage 

Fig    89 


Rotary  converter  field,  showing  squirrel  cage. 

between  adjacent  commutator  segments  becomes  too  high,  and 
the  flash-over  limit  may  be  raised  by  the  addition  of  a  compen- 
sating winding.  Certain  assumptions  being  made,  Fig.  90,  which 
is  a  reproduction  of  Fig.  26,  shows  the  highest  safe  speed  at  which 
a  given  output  may  be  obtained. 

The  non-interpole  rotary  converter  has  the  advantage  over 
the  corresponding  direct-current  generator  that  the  armature  re- 
action is  very  small,  so  that  the  commutating  field  under  the  pole 
tip  is  not  weakened  with  increase  of  load;  one  would  therefore 
expect  that  the  speeds  of  the  non-interpole  converters  of  1909 
would  not  be  lower  than  those  given  by  curve  a.  Fig.  90,  and 
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that  interpole  converters  could  be  l)uilt  for  the  si)ee(Js  given  by 
curve  b.     That   this  is  indeed  the   case  niav  l)e  seen   fmni   the 


following"  ta])le : 


vilowaits 

RevoUaiiJUS  per  minute  in  i<)n<) 

Kcvoiuiioni  p 
in  I'^i 

500 

500  at  25  cycles 
600  at  60  cycles 

1000 

375  at  25  cycles 
360  at  60  cycles 

900 

1500 

250 

600 

2000 

187 

2500 

400 

4000 

214 

5800 

225 

Fig.  90. 


5000 


4000 


3000 


5    2000 
o 


1000 


a  -  non-lnterpole 
b-  interpole 
c-  interpole  and 
compensated 

\ 

\\ 

\ 

\ 

V 

\ 

\ 

v\ 

v 

\ 

^ 

K 

\ 

V 

-^ 

1000  2000 

REVOLUTIONS  PER  MINUTE 
Maximum  output  of  direct-current  generators. 

The  addition  of  interpoles  has  therefore  caused  a  large  in- 
crease in  the  speed  and  a  corresponding  decrease  in  the  dimen- 
sions and  in  the  cost  of  rotary  converters. ^^ 

It  must  be  noted,  however,  that,  for  a  given  frequency,  the 
number  of  poles  must  decrease  as  the  speed  is  increased,  so  that 
there  are  not  so  many  sets  of  brushes  at  which  to  collect  the  cur- 
rent; therefore,  as  shown  in  Fig.  91,  the  commutators  tend  to 
become  large  relative  to  the  rest  of  the  machine. 


""High-speed  Rotary  Converters,"  by  McK.  Yardley,  Electric  Journal 

vol.  II,  p.  562. 
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ll  is  lariLjcly  because  of  this  fixed  relation  between  frequency, 
s])ee(l,  and  nunil)er  of  poles  that  sixly-cycle  converters  are  nujre 
dirficult  to  desi<;n  and  build  than  are  those  for  twenty-five  cycles  ;^^ 
there  are  so  many  sets  of  brushes  that,  as  shown  in  b'i^.  92,  they 
are  crowded  to^i^ether  and  the  machine  is  liable  to  Hash  over.   The 
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looo-kilowatt,  600-volt,  60-cycle,  commutating-pole  rotary  converter. 

Modern  typj. 

distance  between  adjacent  sets  of  brushes  can  be  increased  only 
by  an  increase  in  the  peripheral  velocity  of  the  commutator,  thus: 


frequency 


poles     R.p.m 

TrDxR.p.m.    poles     i 
12  7rD      10 


(commutator  velocity  in  feet  per  minute^ 
distance  between  brushes  in  inches     / 

Up  until  1909  it  was  not  considered  good  practice  to  build 
commutators  to  operate  wnth  a  peripheral  velocity  in  excess  of 
4000  feet  per  minute,  so  that  the  distance  between  adjacent 
brushes  of  a  sixty-cycle  converter  was  limited  to  about  G.y  inches, 
the  neutral  zone  was  narrows  and,  as  shown  in  Fig.  92,  there  were 
many  sets  of  brushes  to  be  adjusted.     If  the  minimum  width  of 

^* "  Sixty-cycle  Rotary  Converters,"  by  Lamme,  Electric  Journal,  vol.  13, 
p.  I 124. 
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sci^ment  and  mica  of  such  a  coniimitator  is  Innitc-d  to  •'/!,;  mcli. 
then  the  nnnihcr  o\  sc<;nuMits  per  \u)\c  cannot  exceed  36.  nor  can 
the  a\erai;e  xohaj^e  helween  adjacent  conmuitator  segments  be 
less  than  \().J  for  a  ()0()-voh  machine.  This  valne  is  rather  close 
to  the  tlash-over  limit,  particnlarly  if  the  resnltant  armatnrc  re- 
action is  such  that  the  main  lield  is  distorted,  as  is  the  case  when 
the  machine  is  operating;"  at  ])o\\er  factors  other  than  lo;)  per 
cent.,  and  also  when  it  is  luintini;-.  Improvements  in  the  desij^n 
of  hiqh-sjxxMl  comnuitators.  as  for  exam])le  the  nsc  of  the  three 

Fig.  92. 


Alternating-current  side  of  rotary  con- 
verter, 1000  kilowatt,  600  volts,  direct 
current,  60  cycles,  six-phase. 


Direct-current  side  of  rotary  converter, 
1000  kilowatt,  600  volts,  direct  current, 
60  cycles. 


V-rings  shown  in  Fig.  93,  also  improvements  in  the  methods  of 
constructing  and  seasoning  of  commutators,  have  made  it  possible 
to  increase  the  peripheral  velocity  to  5400  feet  per  minute  and 
to  increase  the  distance  between  adjacent  sets  of  brushes  to  9 
inches,  so  that  it  is  now  possible  to  use  48  segments  per  pole. 
There  is  the  further  advantage  that  the  width  of  the  neutral  zone 
is  increased  20  per  cent.,  and  the  machine,  therefore,  is  not  so 
sensitive  to  slight  inaccuracy  in  the  setting  of  the  brushes. 

Intcrpolc  Design. — In  a  direct-current  machine,  the  interpole 
excitation  must  be  large  enough  to  overcome  the  armature  reac- 
tion and  also  to  produce  the  desired  comniutating  field,  it  there- 
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fore  has  a  \aluc  of  about  J. 25  limes  the  armature  ampere-turns 
per  pole;  if,  however,  the  machine  carries  a  compensating  wind- 
\n<^  on  the  pole  face  to  neutralize  the  armature  reaction,  the 
interpole  excitation  will  have  a  value  of  only  about  0.25  times 
the  armature  ampere-turns  per  pole.  In  the  case  of  the  rotary 
converter  the  armature  reaction  is  not  zero;  it  is  pulsatin^^  and 
has  an  average  value  of  about  15  per  cent,  of  the  direct-current 
armature  reaction,  so  that,  in  order  to  produce  the  desired  corn- 
mutating-  field,  an  interpole  excitation  of  about  0.4  times  the  arma- 
ture ampere-turns  per  pole  is  required. 

Fig.  93. 
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Cross-section  of  a  synchronous  booster  rotary  converter. 

It  has  already  been  pointed  out  in  the  section  on  direct-cur- 
rent machines  that,  due  to  interpole  saturation,  the  commutating 
field  is  not  directly  proportional  to  the  load  current,  and  that 
the  overload  capacity  of  the  machine  is  thereby  limited.  In  the 
case  of  machines  such  as  rolling-mill  motors,  which  are  subject 
to  large  overloads,  it  is  necessary  to  prevent  saturation  of  the 
interpole  core,  and  this,  we  saw,  was  accomplished  by  the  use 
of  the  pole-face  compensating  winding.  So  far  as  overload 
capacity  is  concerned,  the  rotary  converter  does  not  differ  greatly 
from  the  compensated  direct-current  machine. 

In  at  least  two  respects  the  problem  of  commutation  is  more 
difficult  in  the  case  of  the  rotarv  converter  than  in  the  case  of 
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the  direct-current  machine.  In  tlie  tir^i  place,  the  armature  re- 
action is  pulsating  and  tends  to  cau>e  i)ulsation  of  the  interpole 
tield.  Commutation  is  also  impaired  hy  the  hunting  of  the 
machine,  l)ecause  then  there  is  a  i)ulsation  of  energv  superimposed 
on  the  normal  condition  of  oix'ration.  'Die  machine  is  running 
alternately  above  and  below  synchronous  speed;  while  it  is  accel- 
erating, kinetic  energy  is  being  stored  in  the  revolving  system, 
and  while  decelerating,  this  energy  is  given  back  to  the  line.  The 
alternating-current  armature  reaction  due  to  this  effect  is,  first, 
that  of  a  motor  and  then  that  of  a  generator,  and  so  adds  an 
alternating  component  to  the  interpole  field. 

Both  of  these  pulsating  fields  can  be  eliminated  if  a  short- 
circuited  turn  is  placed  around  the  interpole,  and  this  result  is 
accomplished  by  the  use  of  a  complete  squirrel  cage  for  a  damper. 
The  squirrel  cage,  in  addition,  is  more  effective  in  preventing 
hunting  than  is  the  grid  on  the  pole  face.  The  use  of  such  a 
short-circuited  turn  around  the  interixDle  has  been  avoided  in 
direct-current  machines  because  it  prevented  the  interpole  flux 
from  responding  instantly  to  large  and  sudden  changes  in  load, 
but  experience  has  shown  that,  in  the  case  of  the  rotary  con- 
verter, it  is  of  greater  importance  to  minimize  hunting  and  to 
dampen  out  the  oscillations  of  the  interpole  flux. 

Brush  Lifting. — ]\Iost  rotary  converters  are  started  as  induc- 
tion motors  from  the  alternating-current  side.  When  voltage  is 
applied  to  the  armature  a  gliding  field  is  produced  which  moves 
at  synchronous  speed  relative  to  the  armature  surface.  This  field 
causes  a  large  current  to  flow  in  the  turns  that  are  short-circuited 
by  the  brushes,  and  the  interruption  of  this  current  when  the 
armature  begins  to  rotate  causes  destructive  sparking.  This 
sparking  has  become  serious  now  that  interpoles  have  been  added, 
since  they  greatly  reduce  the  reluctance  of  the  path  of  that  part 
of  the  flux  by  which  the  short-circuited  coils  are  cut ;  it  has  there- 
fore been  found  necessary  to  raise  the  brushes  from  the  com- 
mutator when  interpole  rotary  converters  are  started  from  the 
alternating-current  side. 

Protection  Against  Short-Circmts. — \Mien  the  direct-current 
side  of  a  rotary  converter  is  short-circuited,  there  is  a  large  rush 
of  current  which  causes  bad  sparking  and  invariably  causes  the 
machine  to  flash  over.  \^arious  bafi^es  of  moulded  asbestos  have 
been  devised  to  smother  the  arc  and  prevent  it  from  burning  the 
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armature  winding-  and  the  brush  ri<^i4in^,  but  a  more  promising 
scheme  is  to  open  the  circuit  l)ef<)re  the  current  has  time  to  grow 
to  a  \ahie  large  enough  to  start  the  trouljle.  A  circuit  breaker 
lias  ])een  devised  which  will  introduce  a  resistance  into  the  leads 
within  ().()()3  second  after  the  short-circuit  has  taken  [)lace  and 
will   then   disconnect   the   machine    from   the   line. 

/  oltiujc  Control. — The  rotary  converter  is  essentially  a  con- 
stant ratio  machine,  but  it  is  often  desired  to  control  the  voltage 
of  the  direct-current  side,  the  alternating  applied  voltage  being 
constant.  Three  methods  have  been  used  for  this  purpose.  The 
first  to  come  into  general  use  was  the  additicjn  of  a  polyphase 
induction  regulator  to  the  alternating-current  side  of  the  con- 

FlG.  94. 


2000-kilo\vatt,  180  r.  p.  m.,  700-yolt,  synchronous  converter  with  revolving  field  alternating- 
current  booster. 

verter,  by  means  of  which  the  voltage  at  the  converter  terminals 
could  be  varied  above  or  below  that  of  the  line.  This  method  is 
still  used  for  the  control  of  small  machines.  Two  other  methods 
were  put  on  the  market  about  1908;  namely,  the  split-pole  con- 
verter -'*  and  the  booster  converter,  but,  because  of  certain  diffi- 
culties in  the  addition  of  interpoles  to  the  former  machine,  it  has 
g-raduallv  given  wav  to  the  latter.  The  booster  converter  con- 
sists  of  an  alternating-current  generator  and  a  rotary  converter 
with  the  same  number  of  poles,  both  mounted  on  the  same  shaft. 
The  generator  may  be  of  the  rotating  armature  type  as  shown  in 
Fig.  93,  or,  if  this  would  recjuire  the  use  of  too  long  and  flexible 

^^ "  Modern   Types   of    Synchronous    Converters,"    by    Burnham,    General 
Electric  Revieiv,  vol.  15,  p.  74. 
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a  sliatt.  the  rolaliiii;  ticld  I\|k'  sIk.wh  111  l"\^.  (^4  max  l»c-  ii^ccl. 
The  voltai^c  variation  i^ciKTally  rcuiuircd  is  15  j)c'r  rrnt.  al)i»\c 
and  below  the  a\cra.i;c  volla^c  tOr  wliicli  the  converter  was  de- 
signed, and  this  is  acc()nii)hshed  l)y  the  nse  of  a  generator  which 
has  a  capacity  ot'  only  15  i)er  cent,  of  that  of  the  converter  it- 
self. Since  this  ontput  is  comparatively  small,  there  is  no  reason 
wh\  the  boosting  generator  should  not  be  run  at  a  mnch  higher 
si)eed  than  that  of  the  converter,  except  that  in  such  a  ca.se  the 
booster  would  ha\e  to  form  ])art  of  a  synchronous  motor  gener- 
ator set;  this  construction,  however,  has  been  used. 

AMth  the  addition  of  the  booster  a  new  problem  of  interpole 
design  was  introduced.  \Mien  the  booster  field  is  excited  >(>  that 
the  booster  voltage  is  added  to  that  of  the  line,  the  booster  acts 
as  a  generator  and  must  therefore  be  driven  mechanically  by  the 
converter  acting  as  a  synchronous  motor,  so  that  the  alternating 
current  in  the  converter  is  greater  than  that  which  ccjrresponds 
to  the  direct-current  output;  there  is  therefore  a  UKjtor  armature 
reaction  in  addition  to  the  normal  reaction  that  exists  due  t(j  the 
converter  action  of  the  machine,  and  this  additional  reaction  is 
approximately  proportional  to  the  per  cent,  by  which  the  vcjltage 
is  boosted.  When,  on  the  other  hand,  the  booster  tield  is  re- 
versed so  that  the  booster  voltage  opposes  that  of  the  line,  the 
booster  acts  as  a  motor  and  delivers  mechanical  power  to  the 
converter  shaft;  the  alternating  current  in  the  converter  armature 
is  then  less  than  that  which  corresponds  to  the  direct-current 
output;  there  is  therefore  a  generator  armature  reaction  in 
addition  to  the  normal  reaction  due  to  the  converter  action  of  the 
machine.  The  interpole  excitation  must  therefore  consist  of  two 
parts — that  which  it  would  have  if  the  booster  were  removed, 
and  an  additional  excitation  which  is  proportional  to  the  booster 
voltage. ^^ 

]\luch  more  might  have  been  written  on  the  subject  of  modern 
rotary  converters,  alternators,  and  direct-current  machines,  and 
many  other  types  might  have  been  discussed,  but  this  would  have 
carried  us  beyond  the  scope  of  a  series  of  articles  that  were  written 
primarily  for  those  central  station  engineers  who  are  interested 
in  w^hat  has  already  been  done  to  obtain  the  maximum  output 
from  a  given  weight  of  material,  and  in  what  the  prospects  are 
for  still  further  reductions. 

^^ "  Synchronous  Booster  Rotary  Converters,"  by  McK.  Yardle>-,  Electric 
Journal,  vol.  11,  p.  267. 
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Catalysis.  D.  W.  Horn.  (Transactions  of  the  ll'\i(jncr  Free 
Institute  of  riiiladiiphia,  vol.  viii,  p.  97,  July,  1917.) — Contact 
underlies  chemistry.  ]>o(lies  may  inlluencc  each  other  at  almost 
incredible  distances,  but  this  action  is  physical,  not  chemical,  lirietiy, 
no  contact,  no  chemical  action.  In  the  time-honored  generaHzations 
of  chemistry,  its  "  fundamental  laws,"  the  action  of  pure  substances 
upon  each  other  was  considered  without  reference  to  the  effects 
of  adjacent  bodies.  \\\  some  few  instances,  however,  the  effects 
of  adjacent  bodies  were  so  striking  as  to  compel  early  attention. 
I'ntil  recent  years  the  multii)lication  of  such  instances  has  been 
slow.  Such  action  or  influence  of  an  adjacent  body  may  be  covered 
by  the  term  "  catalysis,"  introduced  by  Berzelius,  the  famous  Swed- 
ish chemist,  in  1834. 

In  1836  Berzelius  compiled  all  cases  known  in  which,  by  the 
presence  of  a  foreign  body,  a  chemical  reaction  is  hastened  without 
the  foreign  body  itself  being  changed.  These  foreign  bodies  thus 
acting  he  called  ''  catalysts."  Historically,  catalysis  is  not  a  new 
phenomenon.  Processes  of  fermentation  were  know^n  to  the  ancients, 
and  these  involve  catalysts.  In  fermentation  by  yeast,  the  yeast 
plant  produces  the  catalyst,  or  enzyme,  as  it  is  more  frequently  called. 
In  sharp  contrast  with  chemical  reactions  that,  when  not  catalyzed, 
proceed  at  so  slow  a  rate  as  to  produce  less  than  noticeable  amounts 
of  products  stand  the  reactions  that  are  so  rapid  as  to  be  practically 
instantaneous.  Reactions  between  ions  are,  for  example,  practically 
instantaneous.  Catalysis,  of  course,  is  not  concerned  with  such 
reactions. 

It  is  not  strictly  true  that  a  catalyst  is  found  to  be  unchanged 
at  the  end  of  a  catalyzed  reaction.  It  is  correct  to  say  that  the  final 
products  are  the  same  as  they  would  have  been  had  the  catalyst 
been  absent.  The  catalyst  may  be  rather  unmistakably  changed,  not 
in  amount,  but  in  physical  state.  Thus  the  crystalline  manganese 
dioxide  used  to  generate  oxygen  from  potassium  chlorate  becomes  a 
fine  powder,  and  changes  in  physical  state  are  known  to  occur  in 
iron  oxide  and  in  platinum  used  as  catalysts  in  other  systems.  The 
amount  of  the  catalyst,  no  matter  how  small,  seems  to  remain  un- 
changed. Catalysts  themselves  may  be  accelerated  or  restrained 
in  their  rapidity  of  action.  Two  catalysts  usually  have  a  greater 
joint  effect  than  either  would  have  singly.  **  Promoters  "  that 
increase  the  activity  of  catalysts  are  also  known.  Some  substances 
so  completely  obstruct  the  action  of  catalysts  that  they  have  been 
called  "  poisons."  Enzymes  and  toxins  have  their  poisons  and 
antitoxins,  and  the  analogy  to  them  is  quite  close,  even  in  the  case  of 
metallic  catalysts.  Some  catalysts  seem  specific  for  a  given  reaction, 
but  many  are  capable  of  manifold  application,  and  no  general  method 
is  known  for  guidance  in  selecting  a  catalyst  for  a  given  reaction. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  STANDARDS.* 

TYPICAL  CASES   OF  THE  DETERIORATION   OF  MUNTZ 
METAL  (60  40  BRASS)  BY  SELECTIVE  CORROSION. 

[abstract.] 

])RAss  ol  the  type  60  copper  and  40  zinc,  which  is  u-ed  oni- 
mercially  in  a  variety  of  forms  {e.g.,  wrou^dit  bolts,  sheathinj(, 
condenser  tubes,  extruded  forms,  etc.),  often  shows  a  kind  of 
deterioration  1)y  which  the  metal  changes  its  color  to  copper  red 
and  becomes  very  weak  and  brittle,  although  the  shai^e  and  size 
apparently  remain  unchanged.  This  change  of  properties  is  due 
to  a  selective  corrosion  of  the  alloy,  which  has  a  duplex  structure, 
when  exposed  to  the  action  of  some  electrolyte,  particularly  sea- 
water.  This  tyi^e  of  corrosion  has  been  recognized  by  manu- 
facturers and  users  of  brass  for  some  time;  the  numerous  sam- 
ples illustrating  this  kind  of  deterioration  which  have  been  sub- 
mitted to  the  Bureau  of  Standards,  however,  showed  the  utility 
of  a  description  of  typical  cases  of  such  corroded  brasses.  The 
study  of  such  types  includes  bolts,  boat  sheathing,  condenser 
tubes,  and  parts  which  were  corroded  while  under  stress. 

The  examination  of  the  micro-structure  shows  clearly  the 
method  of  the  attack,  the  zinc-rich  constituent  being  electroly- 
tically  *'  leached  out,"  leaving  a  skeleton  of  weak  pulverulent 
copper  in  its  place,  so  that  the  piece  becomes  very  weak  and  brittle. 
Later  the  second  constituent  may  be  attacked,  so  that  the  whole 
specimen  is  converted  into  pulverulent  "  copj^er  " — the  sample 
becoming  so  weak  that  it  can  be  broken  into  fragments  in  the 
fingers. 

Conditions  which  appear,  from  the  examination  of  corroded 
samples,  to  accelerate  this  type  of  corrosive  attack  are :  the  micro- 
structural  composition  of  the  alloy,  contact  with  strongly  elec- 
tronegative metals,  the  effect  of  certain  adhering  deposits  of 
basic  zinc  chloride  resulting  from  the  corrosion,  the  thorough- 
ness of  the  annealing  the  sample  has  previously  received,  the 
temperature  of  the  electrolyte,  and  the  stresses  to  which  the  speci- 
mens are  subjected  during  the  corrosive  attack. 

*  Communicated  by  the  Director. 
^Technologic  Paper  No.   103. 
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AN   INVESTIGATION  OF  THE  AXIAL  ABERRATIONS  OF 

LENSES/ 

I  AI'.M  K.\(    1.  I 

I  III-:  errors  which  affect  the  definition  of  a  lens  are  discussed, 
and  methods  of  i^raphically  re])resentin<;-  the  central  errors  de- 
scrihed.  The  condition  for  freedom  from  coma  near  the  axis 
is  arrixed  at.  The  relative  importance  of  the  errors  in  different 
types  ()\  lenses  is  discussed.  llartman's  method  is  expanded, 
permittini;-  one  set  of  measurements  to  ^ise  all  the  important  cen- 
tral errors — spherical  aherration,  zonal  variation  -of  equivalent 
focal  length,  axial  and  ohlique  achromatism.  The  apparatus  and 
procedure  are  descrihed,  and  the  accuracy  of  the  adjustments  and 
the  measurements  discussed.  The  method  is  applicable  to  all 
systems  of  relatively  short  focus  and  large  aperture,  such  as 
photographic  lenses,  projection  lenses,  and  telescope  objectives, 
and  also  to  complete  optical  systems.  The  results  of  the  method 
as  applied  to  a  complete  telescope  are  discussed  and  shown  to  be 
independent  of  the  accommodation  of  the  observer.  Seventeen 
sets  of  curves  are  given  for  as  many  different  lenses,  and  an 
illustrative  discussion  of  one  set  of  curves,  together  with  a  gen- 
eral description  of  the  types  of  lenses  represented  by  each  group 
of  curves. 


SOME   ELECTRICAL   PROPERTIES   OF   SILVER    SULPHIDE.' 
By  George  W.  Vinal,  Assistant  Physicist. 

[abstract.] 

Silver  sulphide  may  be  prepared  in  the  form  of  short  wires 
or  thin  strips  hke  a  metal.  The  wire,  which  must  be  drawn  hot, 
was  found  to  conduct  electricity  like  a  metal  of  high  specific  re- 
sistance and  practically  zero  temperature  coefficient.  The  strip 
of  sulphide  rolled  at  room  temperature  has  a  large  temperature 
coefficient  and  shows  both  metallic  and  electrolytic  conduction. 
It  has  a  volt-ampere  curve  characteristic  of  a  pyroelectric  con- 
ductor. The  strips  are  sensitive  to  small  alternating  currents, 
Avhich  increase  the  resistance  enormously,  while  small  direct  cur- 
rents have  the  opposite  effect.  The  specific  resistance  has  been 
measured  and  experiments  made  on  the  electrochemical  decom- 
position.   

■Scientific  Paper  No.  311. 
"Scientific  Paper  No.  310. 
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THE    EFFECT    OF    THE    SIZE    OF    GROG    IN    FIRE  CLAY 

BODIES' 

I.MtSTKAl  r.  I 

TiiK  size  of  ^rain  has  loii*^  been  known  to  exert  considerable 
inthiencc  upon  the  properties  of  mortars,  concrete,  fire-clav  re- 
fractories, and  other  materials.  The  present  investi|^^'ltion  de- 
termines the  effect  of  the  size  of  the  calcined  portion,  or  L'rotr. 
npon  the  properties  of  lire-clay  bodies  within  a  field  of  practical 
sizes.  The  general  plan  of  procednrc  c(>nsi>tc(l  of  separating; 
grog  into  a  number  of  sizes,  recombining  these  in  arbilrar\  ])r(V 
portions  by  calculation  from  triaxial  diagrams,  mixing  with  an 
equal  weight  of  clay,  and  moulding  with  water  into  test  pieces 
for  the  determination  of  various  properties.  Strength  in  the  raw 
state,  as  indicated  by  the  modulus  of  rupture,  depended  upon 
a  number  of  factors  and  did  not  vary  directly  with  the  size  of 
grog.  Proper  proportioning  of  grog  sizes  gave  stronger  bmlies 
than  single  grog  sizes.  The  strength  of  burned  bodies  in- 
creased directly  with  decrease  of  the  size  of  grog,  the  size  being 
expressed  numerically  as  a  surface  factor.  Bodies  containing  the 
larger  sizes  Avere  more  resistant  to  sudden  heating  and  cooling 
from  600^  C.  and  1000°  C.  Volume  shrinkage  in  burning  to 
cone  12  increased  approximately  with  decrease  of  porosity.  No 
relation  was  found  between  strength  and  porosity  in  the  dry  or 
burned  states.  Methods  are  suggested  for  proper  proportioning 
of  grog  for  glass  pots,  saggers,  and  similar  bodies. 


WAVE-LENGTH   MEASUREMENTS  IN   SPECTRA   FROM 

5600  A.  TO   9600  A." 

By  W.  F.  Meggers. 

[abstract.] 

Some  work  in  spectroscopic  analysis  at  the  Bureau  of  Stand- 
ards showed  the  importance  of  investigating  the  red  and  adjacent 
infra-red  regions  of  spectra  more  carefully  and  extensively. 
Ordinary  photographic  plates  were  stained  in  a  mixture  of 
dicyanin,  w-ater,  alcohol,  and  ammonia  to  make  them  sensitive  to 

''  Technologic  Paper  No.  104. 
^  Scientific  Paper  No.  309. 

Vol.  184,  No.  1102 — 40 
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the  lon^'  li^lu-waves.  These  stained  plates  were  used  to  photo- 
graph the  arc  spectra  of  twenty  ol  the  chemical  elements,  in- 
cluding the  alkali  metals,  the  alkaline  earths,  and  elements  com- 
monly found  in  iron  as  impurities.  1  he  photographs  were  made 
in  the  llrst  order  spectrum  with  a  concave  grating  of  640  cm. 
radius,  the  grating  being  mounted  in  parallel  light.  This  spectro- 
graph gives  a  dispersion  of  about  lo  A.  per  mm.  in  the  first  order. 
With  this  apparatus  exposure  times  of  30  minutes  sufficed  to 
record  waves  longer  than  9000  A.  (  A  =  Angstrom  =  o.ooooooi 
mm.),  and  demonstrated  the  value  of  dicyanin  as  a  photographic 
sensitizer  for  such  spectral  investigations.  Waves  which  are 
2000  A.  longer  than  the  longest  waves  in  the  visible  spectrum 
w^ere  thus  detected  photographically  without  difficulty. 

\ccurate  measurements  of  w-ave-len^rths  and  determinations  of 
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the  characteristics  of  the  emission  lines  were  obtained  from  these 
spectrograms.  The  second-order  spectrum  of  the  iron  arc  w^as 
photographed  on  either  side  of  the  first  order,  and  the  long  wave- 
lengths were  obtained  from  the  standards  in  the  i^ron  spectrum. 
In  this  paper  the  wave-lengths  in  International  Angstroms  are 
given  for  the  arc  spectra  of  the  following  elements:  lithium, 
sodium,  potassium,  rubidium,  caesium,  copper,  calcium,  strontium, 
barium,  and  magnesium. 

Frequency  differences  of  doublets  in  the  spectra  of  sodium, 
potassium,  rubidium,  caesium,  and  copper  are  shown  by  these 
wave-length  measurements  to  be  constant  in  most  cases  to  one 
part  in  100,000  in  the  number  of  waves  per  centimetre. 

Comparison  of  the  spectra  made  it  possible  to  detect  many 
impurities  in  the  elements  used  for  light-sources.  Still  more  ex- 
tensive spectral  investigations  are  required  in  the  region  of  long 
wave-lengths  to  identify  all  lines  correctly. 
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NECROLOGY. 


Alois  von  Isakovics  was  Ixtni  at  I'laKin-,  I'olK'iiii.'i.  on  July  Ji,  1S70, 
and  (lii'd  at  Monlicclln.  N.  Y.,  cm  jnne  5,  n;i7.  He  was  eciucatcd  in  Austria 
and  Kra<Ji'<ited  from  the  School  of  Chemistry  of  the  University  of  Vienna. 

In  i88()  he  came  to  the  United  States,  and  three  years  later  estah- 
lished,  in  New  York  City,  the  widely-known  Synfleur  Scientific  Lahora- 
tories  for  the  synthetic  production  of  pcrfnnu-s.  \)\  i(X)3  tlie  i)hinl  was 
removed  to  Alonticeilo,  N.  Y. 

Air.  Isakovics's  occasional  contributions  to  the  technical  press  on 
subjects  relating  to  perfumes,  essential  oils,  and  flavoring  materials  were 
read  with  interest  by  those  engaged  in  similar  fields  of  investigation 
and  labor. 

He  was  a  member  of  the  leading  technical  societies  of  the  world, 
and  his  membership  in  The  Franklin  Institute  dates  from  October 
II,    I90<;. 


Major  Henry  Souther,  head  of  Aircraft  Engineering  Division,  Signal 
Of^ce,  U.  S.  Arm\^,  died  at  the  post  hospital,  Fort  Monroe,  on  August  15. 

He  was  born  in  Boston,  Mass.,  on  September  11,  1865.  His  early 
education  was  obtained  in  his  native  city,  and  his  engineering  training 
at  the  Massachusetts  Institute  of  Technology,  where  he  graduated 
in   1887. 

Major  Souther  was  engineer  for  the  Pennsylvania  Steel  Company 
from  1888  to  1893,  and  the  six  years  following  he  spent  with  the  Pope 
^Manufacturing   Company,  at   Hartford,    Conn. 

He  was  president  of  the  Souther  Engineering  Company,  vice-presi- 
dent of  the  Standard  Roller  Bearing  Company  and  of  the  Ferro  Machine 
and  Foundry  Company.  From  1899  to  1907  he  served  as  Water  Com- 
missioner of  Hartford,  Conn. 

Major  Souther  was-  called  to  Washington  as  consulting  engineer 
of  the  Aviation  Section  of  the  Signal  Corps  in  April,  1916,  where  he 
organized  the  inspection  department.  He  was  Director  of  the  Langley 
Field,  and  conducted  experimental  tests  of  machines  and  engines.  Major 
Souther  was  a  member  of  numerous  engineering  and  technical  societies 
as  well  as  social  organizations. 

The  manuscript  for  his  paper  on  "  The  Development  and  Progress 
in  Aviation  Motors,"  which  appears  in  this  issue,  w^as  finished  only  a 
short  time  before  his  last  illness. 
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l^xi'i.osiVKS :  TiiKiu  Manufaitikk,  'J'ksts,  Pkoi-kktiks.  and  Histouy,  by 
Artluir  Marshall,  A.C.G.I.,  F.l.C,  F.C'.S.,  Clicniical  Inspector,  Indian 
Ordnance  Department.  Second  edition.  IMiiladelphia,  !'.  I>lakiston's 
Son  iK:  Company.  776  i)aKes  (total),  contents  and  indices,  illustra- 
tions, and  several  jK)rtrait  i^latcs.     j  Nolunies,  larjjje  Svo.     Price,  $16  net. 

The  early  exhausting  of  the  first  edition  of  this  work  testifies  to  its 
excellence,  a  fact  that  we  had  occasion  to  note  in  the  review  of  that 
edition.  The  enlargement  has  necessitated  division  into  two  volumes, 
which  makes  tlic  hook  cunihersome,  especially  as  heavy,  coated  paper 
is  used,  as  was  done  in  the  first  edition.  There  is  really  no  necessity 
for  such  paper,  which  adds  so  much  to  the  cost  and  weight  of  the  book. 
Most  of  the  illustrations  could  have  been  satisfactorily  printed  on  lighter 
paper;  moreover,  many  of  them  are  too  big.  For  instance,  the  picture 
of  a  section  of  armor-pier<:ing  shell,  on  page  559,  would  have  shown 
the  details  just  as  clearly  if  it  had  been  one-third  its  present  dimensions. 

The  work  is  dedicated  to  Lloyd-George,  whose  picture  appears  as 
a  frontispiece  to  one  of  the  volumes,  and  who  is  at  present,  apparently, 
the  real  ruler  of  the  British  Empire,  for  if  ever  there  was  a  time  in 
English  history  of  which  it  can  be  said  tliat  the  "  King  reigns  but  does 
not  govern,"  that  time  is  now. 

The  reviewer  can  but  repeat  the  commendations  given  in  the  re- 
view of  the  first  edition.  Mr.  Marshall's  extended  practical  experience 
enables  him  to  present  this  important  subject  in  all  its  aspects. 

It  was  noted  in  the  former  review  that  no  information  is  given 
in  regard  to  the  flash-powders  so  largely  used  in  photography.  These  are 
nearly  all  ver}-  high  explosives  and  well  worth  the  careful  consideration  of 
experts  in  this  field.  An  examination  of  the  files  of  the  British  Journal 
of  Photography  and  of  the  Eiujlish  Mechanic  will  bring  to  light  many 
details  of  this  class  of  "  pyrotechnics  "  which  have  been  the  cause  of 
much  loss  of  life  and  property.  The  present  edition,  also,  does  not 
make  any  allusion  to  them,  although  a  good  deal  of  information  is  given 
concerning   ordinar}^   firew^orks. 

It  is  unfortunate  that  no  advance  has  been  made  towards  a  scien- 
tific nomenclature.  The  same  old  forms,  such  as  "  glycerine,"  "  acetate 
of  lime,"  appear  throughout.  These  phases  of  British  non-progressive- 
ness  distress  very  much  the  American   allies. 

The  work  contains  but  few  typographic  errors;  the  structural  formula 
of  one  of  the  dinitronaphthalenes  (page  269)  seems  to  be  wrong,  as  it 
is  designated  as  the  beta-form,  yet  both  nitro-groups  are  in  the  alpha- 
position.  The  statement  is  possibh-  taken  from  Thorpe  (Die.  App.  Chem., 
iii,  584),  but  does  not  accord  with  the  orientation  given  in  the  same  vol- 
ume, page  563. 

Mr.  Marshall's  work  stands,  at  present,  as  the  best  exposition  in 
English  of  the  subject  on  which  it  treats. 

Henry    Leffmann. 
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The  Properties  of  Balsa  Wood.  R.  C.  C.\ui*i<:xter.  (77/c 
American  Society  of  Kcfri(jcralin(j  jLiij/inccrs'  JouniaJ,  vol.  3,  No. 
0,  p.  30,  May,  1917.) — The  laboratories  of  Sibley  College  of  Mechani- 
cal Engineering,  Cornell  University,  have  made  an  extended  investi- 
gation of  the  properties  of  ])alsa  wood  for  the  purpose  of  ascertaining 
its  physical  properties.  The  wood  is  exceedingly  hght  and  promises 
to  have  an  extensive  field  of  usefulness  in  connection  with  cold 
storage  structures  where  heat  insulation  is  important.  It  is  a  tropical 
wood  growing  principally  in  the  states  of  central  and  South  America. 

The  wood  is  remarkable :  first,  as  to  its  lightness  ;  second,  as  to 
its  microscopical  structure;  third,  for  its  absence  of  woody  fibre; 
fourth,  for  its  elasticity;  and,  fifth,  for  its  heat-insulating  qualities. 
So  far  as  the  investigation  has  disclosed,  it  is  the  lightest  commercial 
useful  wood  known.  It  has  also  considerable  structural  strength, 
which  makes  it  suitable  for  many  uses.  In  general  appearance  balsa 
wood  resembles  basswood.  Until  recently,  Missouri  cork  wood, 
weighing  18.1  pounds  per  cubic  foot,  was  believed  to  be  the  lightest, 
but  recent  investigations  indicate  that  balsa  wood  is  much  lighter, 
having  a  weight  of  7.3  pounds  per  cubic  foot.  The  ordinary  com- 
mercial balsa  wood  is  seldom  perfectly  dry,  and,  because  of  the  moist- 
ure content,  its  weight  has  been  found  to  be  between  8  and  13  pounds 
per  cubic  foot. 

The  extreme  lightness  of  this  wood  suggests  its  application  as  a 
buoyancy  material  in  life-preservers  and  lifeboats.  When,  however, 
it  was  attempted  to  apply  the  wood  practically,  it  was  found  to  be  of 
little  value,  because  it  a'bsorbed  water  in  great  quantities  and  also 
because  it  soon  rotted  and  also  warped  and  checked  when  w^orked. 
After  testing  nearly  every  method  that  had  been  suggested,  Colonel 
Marr's  method  of  treating  w^oods  which  had  been  recently  patented 
was  finally  successful.  In  this  method  the  wood  is  treated  in  a 
bath,  of  which  the  principal  ingredient  is  paraffin,  by  a  process  w^hich 
coats  the  interior  cells  without  clogging  up  the  porous  system.  The 
paraffin  remains  as  a  coating  or  varnish  over  the  interior  cell  walls, 
preventing  the  absorption  of  moisture  and  the  ill-efifects  as  to  change 
of  volume  and  decay  which  would  otherwise  take  place ;  it  also 
prevents  the  bad  efTects  of  dry  rot  which  follow  the  application  of 
any  surface  treatment  for  preserving  wood  of  the  same  type.  The 
Marr  process  tends  to  drive  out  all  water  and  make  the  wood  water- 
proof;  it  also  improves  its  quality  of  being  readily  worked  with  tools 
without  material  increase  in  w-eight.  The  treated  balsa  wood  has 
been  used  extensively  in  the  manufacture  of  life-preservers,  fenders 
for  lifeboats,  and  for  structures  requiring  insulation  from  heat, 
as  in  the  refrigerating  compartments  of  vessels  and  ice-boxes. 
580 


Tendencies    in    Bridge    Construction.      Anon.      (EiKjiticcriiuj 

Ncws-Kcconi,  vol.  7S,  Xo.  11.  j).  541,  Juiu-  14,  1917.) — In  the  last 
20  years  the  live  loading  of  railway  bridges  has  continuously  in- 
creased. Every  few  years  an  increase  lakes  place  in  bridge  loads, 
and  as  often  the  opinion  is  expressed  that  the  limit  has  been  reached 
within  existing  clearances,  or  with  the  best  locomotives  that  can 
he  designed  or  with  the  available  kinds  of  car  wheels.  When  the 
Pennsylvania  Railroad's  Type  R  locomotive  was  believed  to  be  a 
maximum  for  bridges,  the  loading  might  have  been  K-30,  or  even 
less.  Many  of  those  bridges  are  being  replaced  now,  but  they  were 
fully  loaded  up  to  design  capacity  as  nnich  as  15  years  ago.  To-dav 
live  loading  is  in  the  region  of  E-60,  and  for  a  special  bridge  of  the 
Bessemer  and  Lake  Erie  Railroad  over  the  Allegheny  River  the 
live  loading  is  on  a  basis  of  E-75.  This,  however,  is  a  special  bridge 
and  is  indicative  of  the  maximum  increment  in  loading  rather  than 
of  the  general  average. 

The  Bessemer  bridge,  like  the  big  Metropolis  structure,  is  built 
of  silicon  steel,  the  newcomer  in  the  company  of  nickel  steel  ct  al. 
Their  use,  so  far,  has  been  little  more  than  a  necessity  in  sjjecial 
cases,  long  spans  and  the  like  ;  they  have  had  no  influence  on  ordinary 
bridges.  Stronger  carbon  steel  than  that  used  at  present  means  a 
harder  material ;  and  harder  metal  than  60,000-pound  bridge  steel 
means  drilling  in  place  of  punching.  Present  shops,  as  they  are 
laid  out  and  equipped,  cannot  drill  any  large  tonnage,  and  punching 
must  be  depended  upon,  with  the  alternative  of  delay,  trouble,  and 
undue  cost.  Naturally,  punching  entails  the  use  of  tough,  duc- 
tile steel. 

As  to  truss  types,  the  last  15  or  20  years  have  brought  about  little 
change,  except  for  gradual  extension  of  all-riveted  construction  and 
the  recent  use  of  k-webbing.  The  present  tendency  is  toward  sim- 
plifying trusses — using  longer  panels,  simpler  arrangements  of  brac- 
ing, and,  Avherever  possible,  eliminating  subwebbing.  In  bridges  of 
ordinary  span  it  was  the  practice,  not  long  ago,  to  make  short 
panels — even  15  to  18  feet — where  to-day  30  to  32  and  34- foot 
panels  or  longer  are  adopted.  Among  the  several  reasons  for  this, 
one  is  the  reduction  of  secondary  stresses,  but  more  prominent  is  the 
effect  of  manufacturing  advance  and  progress  in  erection  appliances. 

The  widespread  use  of  concrete  construction  has  not  in  general 
influenced  steel  design.  It  is  only  in  the  development  of  concrete- 
floor  types  that  it  has  effected  changes  in  design.  In  bridges  for 
certain  classes  of  service  concrete  floors  have  practically  supplanted 
trough  floors.  This  refers  particularly  to  bridges  over  streets  in 
grade-crossing  elimination  and  such  structures.  On  truss  railroad 
bridges  there  is  little  tendency  at  present  toward  solid  floors,  per- 
haps 95  per  cent,  is  of  the  old  standard  open-tie  construction.  With 
longer  panels  coming  into  use,  and,  above  all.  the  high  impact  that  is 
always  considered  nowadays,  the  floor  steel  is  a  much  more  im- 
portant element  of  the  total  weight,  but  this  has  no  present  effect 
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toward  ])r<)(hu-iii}^  chanj^cs  in  truss  (Icsii^ii,  llioiioh  such  an  clTcct  is 
hound  to  conic  in  time. 

With  regard  to  t\\v  future  (lc\  (■lo])nit'nt  of  continuous  hrid^cs,  vvc 
have  hccn  ^oinj^^  throuj^h  a  slow  proj^^rcssicjii  away  from  ])in-con- 
ncctcd  design.  J  lad  tlie  craze  for  pin  hridges  that  prevailed  a  gen- 
eration ai^o  for  a  short  ])eriod  continued,  we  would  not  he  ready  for 
continuous  spans;  hut,  as  it  is,  the  j)resent  standard  practice  in  truss 
details  is  entirely  suited  to  continuous  hridc^es,  and  at  the  same  time 
we  have  outj^rown  an\-  fears  that  ma\-  ha\e  existed  formerly  as  to 
the  certainty  of  stress  calculations  in  continuous  strucures.  It  was 
formerly  helieved  that  if  the  su])])orts  should  settle  even  a  trifle,  the 
stresses  would  he  very  seriously  chani^ed.  On  that  suhject  we  have 
clearer  notions  nowadays.  Every  hridge  engineer  appreciates  that, 
no  matter  how  rigid  a  bridge,  a  long  s])an  is  in  fact  quite  flexible, 
and  any  minor  settlement  of  a  su])port,  such  as  could  occur  in  a 
normal  case,  would  have  onlv  trifling  influence  on  the  stresses.  Con- 
tinuous bridges  are  surely  going  to  l)e  more  used  in  the  future. 

Spontaneous  Combustion.  G.  H.  P.  Walker.  (National  Pirc 
Protection  Association,  vol.  ii.  No.  i,  p.  32,  July,  1917.) — When  we 
speak  of  spontaneous  combustion  we  usually  refer  to  that  peculiar 
form  wherein  ignition  takes  place  without  evidence  of  the  employ- 
ment of  any  external  agent.  When  ignition  has  taken  place  com- 
bustion folloW'S  the  same  laws,  whether  of  spontaneous  or  other 
origin,  and  these  law^s  ahvays  represent  more  or  less  complex  chemi- 
cal actions.  Almost  all  chemical  actions  are  attended  with  the  libera- 
tion of  considerable  heat,  and  the  quantity  of  heat  set  free  is  con- 
stant, whether  the  action  be  relatively  slow,  as  in  the  decaying  of  a 
piece  of  wood,  or  whether  it  be  rapid,  as  in  the  combustion  of  a 
similar  piece  of  w^ood  in  a  furnace,  the  products  of  combustion  being 
identical  in  either  case.  Combustion,  as  we  usually  understand  it, 
is  the  union  of  a  substance  w^ith  oxygen,  but  there  are  numerous  in- 
stances where  oxygen  is  not  involved  at  all.  The  velocity  of  com- 
bustion increases  with  marvellous  rapidity  with  rise  of  temperature, 
a  rise  of  200°  F.  increasing  the  velocity  one  thousand-fold. 

Perhaps  one  of  the  commonest  forms  in  which  spontaneous  com- 
bustion manifests  itself  is  in  the  spontaneous  ignition  of  a  piece  of 
cotton  waste  or  an  old  rag  saturated  with  oil  and  left  lying  in  a  warm, 
place.  Only  certain  oils  possess  the  property  of  spontaneously  ig- 
niting, and  of  these  the  most  dangerous  is  linseed  oil,  the  boiled 
variety  being  much  worse  than  the  raw%  due  to  slight  changes  in  its 
chemical  structure  w^hich  have  been  efifected  by  the  boiling,  and  due 
also  to  the  presence  of  metallic  salts  (such  as  lead  acetate,  litharge, 
and  manganese  dioxide),  which  tend  to  accelerate  the  process  of 
*'  drying  "  by  acting  as  oxygen  carriers.  XAHien  spontaneous  com- 
bustion results  from  an  oil-soaked  rag  (or  an  oil  mop,  for  instance) 
having  been  left  carelessly  in  a  warm  room  or  in  the  sun,  it  is  caused 
by  the  rapid  oxidation  of  the  oil  spread  out  over  the  large  surface 
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ati\)rdc(l  by  the  folds  of  ihv  ololli — the  j^jrcator  llic  exposed  surface 
the  more  rapid  the  oxidation — and  as  tlie  oil  continues  to  combine 
with  more  and  more  oxvjL^en  from  the  air,  the  temperature  gradually 
rises  until  sufticieiU  heat  has  hci'u  (U'\cl(»|)((l  t(»  cause  the  mass  to 
hurst  into  tlames.  Mineral  oils  are  not  con^idercil  danj^erous  in  this 
respect,  and  are  sometimes  added  to  (|uick  (h\  in<^^  oils  to  lessen  the 
dan.s[er  of  sj)()ntaneous  ignition. 

The  reason  why  a  can  of  linseed  oil  does  not  ignite  when  left 
uncovered  is  that  the  small  surface  exposed  to  the  air  caniKJt  de- 
velop heat  with  sufficient  ra])idity  to  raise  the  whole  body  to  the  re- 
quired temperature.  Many  other  forms  of  spontaneous  ignition 
occur,  such  as  the  ignition  of  finely  divided  particles  of  combustible 
substances  susi)en(led  in  the  air,  the  oxidation  of  iron  jjyrites  in  soft 
coal,  the  slow  oxidation  of  hea])s  of  organic  matter,  as  manure  and 
hay  and  others.  Tn  all  of  these  the  surface-volume  conditions  i)lay 
the  important  jxirt  in  governing  the  relation  of  heat  generation  and 
dissipation  upon  which  de])ends  the  rise  in  temperature. 

The  Artificial  Silk  Industry.  L.  P.  Wilsox.  (Journal  of  the 
Society  of  Cheniical  Jjidustry,  vol.  xxxvi,  No.  14,  j).  817,  July  31, 
1917. ) — 'Jlie  material  known  as  artificial  silk,  and  sometimes 
wrongly  described  as  imitation  silk,  is  now  in  such  general  use 
for  producing  a  large  number  of  textile  materials  that  there  is 
no  doubt  whatever  that,  although  the  commercial  ])roduction  of 
artificial  filaments  is  no  older  than  this  century,  it  has  jnade  for 
itself  a  permanent  })Osition  in  the  world  of  industr}'.  Artificial 
silk,  once  only  suitable  for  fancy  goods,  more  ornamental  than 
useful,  is  now  produced  in  filaments  of  almost  unlimited  length, 
of  uniform  diameter,  and  of  any  thickness  from  less  than  a 
thousandth  of  to  a  sixteenth  of  an  inch,  possessing  any  desired 
lustre,  from  the  most  brilliant  to  quite  dull,  capable  of  being 
dyed  to  any  shade,  and  of  suf^cient  tenacity,  either  dry  or  wet, 
to  be  used  in  any  textile  operation. 

There  was  a  period  of  one  hundred  and  fifty  years  between 
the  time  of  the  suggestion  of  the  F'rench  scientist,  Reaumur, 
that  silk  might  be  made  artificially  from  resins  or  similar  mate- 
rials and  the  date  of  the  first  patent,  that  of  the  Swiss,  Andemars, 
for  the  production  of  artificial  filaments,  this  latter  having  been 
made  possible  by  the  discovery  and  investigation  of  cellulose 
nitrate.  From  that  time,  about  1885,  to  the  end  of  the  century, 
a  great  deal  of  valuable  preliminary  work  was  done  with  the 
aim  of  producing  artificial  fibres  for  textile  use  or  the  production 
of  electric  lamp  filaments.  Among  the  British  workers  of  note 
were  Crookes,  Wynne,  Powell,  Swinbourne,  Swan,  Millar,  Cross, 
Topham,  and  Stearn,  but  they  did  not  achieve  commercial  pro- 
duction during  this  period.  On  the  Continent,  however,  Compte 
Hilaire  de  Chardonnet  began  to  manufacture  artificial  silk  in 
1891,  at  the  rate  of  100  pounds  per  day,  at  Besanqon,  and,  although 
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his  success  was  not  imintcrrui)tcd,  he  was  producing  about  4000 
pounds  per  day  before  anything  was  made  on  an  industrial  scale 
l)y  British  workers. 

All  the  early  artificial  silk  was  made  by  the  Chardonnet  process 
or  niodilications  of  it.  which  had  for  a  basis  gun-cotton  dissolved 
in  ether-alcoliol.  This  solution  was  of  very  high  viscosity  and 
was  formed  into  filaments  by  forcing  it  through  glass  jets  with 
a  bore  between  two  and  ten  thousandths  of  an  incli.  Hicse  were 
immersed  in  water  to  remove  the  alcohol  from  the  solution  as 
it  emerged,  and  so  to  form  a  solid  fibre,  which  was  picked  up 
and  with  a  number  of  others  wound  on  a  spool.  On  the  Conti- 
nent nitro  silk  had  for  some  years  great  financial  success,  but 
at  the  beginning  of  this  century  it  had  to  meet  increased  prices 
of  raw  materials  and  the  competition  of  two  other  j)rocesses, 
cuprammonium  and  viscose. 

The  difficulties  and  defects  of  the  processes  of  producing  silk 
from  nitro-cellulose  led  to  much  research  after  other  methods 
and  substances  suitable  for  the  production  of  artificial  fibres,  and 
the  next  process  to  be  developed  was  that  which  made  use  of  a 
solution  of  cellulose  in  ammoniacal  copper  oxide  for  spinning. 
A  Frenchman,  Despaissis,  took  out  tlie  first  patent  in  "this  con- 
nection in  1890,  but  his  early  demise  led  to  the  lapsing  of  the 
patent  until  Pauly  took  out  his  first  patent  in  Germany  seven 
years  later.  Then  followed  a  long  series  of  patents  w^hich  have 
been  the  basis  of  successful  manufacture  of  the  Vereinigte 
Glanzstofif  Fabriken  A.  G.  of  Elberfeld,  wnth  subsidiaries  in 
Austria,  France,  and  Wales. 

Viscose  silk,  the  latest  of  the  three  important  forms  of  arti- 
ficial filaments  to  appear  on  the  market  in  quantity,  is  the  only 
one  which  is  entirely  English  in  its  origin  and  development. 
Like  the  other  artificial  silks,  it  is  a  form  of  cellulose,  but,  unlike 
them,  its  starting  material  is  not  cotton  but  wood,  and  as  it 
differs  from  them  in  its  beginning,  so  it  differs  right  through  its 
stages  of  manufacture  in  processes  and  machinery,  reactions  and 
methods,  until  the  final  product  is  obtained.  This  also  is  dis- 
tinguished from  the  others  by  its  greater  covering  power  and 
lustre,  and  its  greater  resistance  to  dyeing  and  finishing  processes, 
and  to  wear.  For  these  reasons  it  is  thought  by  some  com- 
petent to  judge  that,  although  its  manufacture  is  more  compli- 
cated than  the  older  processes,  it  will  ultimately  supplant  them. 
Cellulose  xanthate,  which  forms  the  basis  of  the  viscose  silk 
process,  was  discovered  by  Cross,  Bevan,  and  Beadle  in  1892,  and 
is  formed  by  the  interaction  of  cellulose,  sodium,  hydroxide,  and 
carbon  bisulphide.  When  dissolved  in  w^ater  or  dilute  caustic 
soda  it  forms  a  golden-brown  thick  syrup,  and  to  this  the  dis- 
coverers gave  the  name  viscose  on  account  of  its  high  viscosity. 

The  wdiole  industrial  history  of  artificial  silk  is  embraced  in 
the  development  of  the*  nitro,  cuprammonimn,  and  viscose  proc- 
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esses,  but  a  iuiinl)cr  of  other  nicthuds  luivc  l)ecMi  suj^j^rsttti  and 
patented.  IMie  earliest,  and  at  one  time  perhaps  the  most  i)roni- 
ising^,  because  it  was  long  successfully  worked  in  the  manufacture 
of  electric  lamp  filaments,  was  the  zinc  chloride  process;  in  spite 
of  much  work  this  has  not  been  satisfact«)rilv  a])plied  in  the 
manufacture  of  artificial  silk. 

The  Engineering  Council.  ANNorxcHMKNT.  (1.  N.  llollis 
and  C.  lownlcv.  Augu.Ni.  ujiy.) — Vhc  formation  of  an  luigineering 
Council  is  the  outgrowth  of  a  real  need  for  proper  consideration 
of  questions  of  general  interest  to  engineeis  and  to  the  public, 
and  to  provide  the  means  for  united  action  ujxjn  cjuestions  of 
common  concern,  i'his  war  has  brought  out  very  im])ressivelv 
the  actual  need  for  united  action  of  some  kind.  At  present  the 
Council  is  concerned  with  four  societies,  because  that  seemed 
the  most  practical  way  of  getting  a  group  of  men  together  to 
answer  immediate  needs,  but  these  societies  do  not  assume  to 
speak  for  all  engineering  societies  in  the  country. 

A  now  manifest  need  of  enlargement  may  be  effected  by  the 
union  of  all  societies,  either  as  the  outgrowth  of  the  jjresent 
Council  or  by  a  congress  of  engineers  leading  to  united  action  by 
all  societies.  \\'e  have  three  classes  of  engineers  to  reach :  First, 
those  who  are  members  of  local  societies  and  not  members  of 
national  societies ;  second,  those  who  are  members  of  national 
societies  and  not  members  of  local  societies;  and,  third,  those 
who  are  not  members  of  a  society.  The  last-named  class  con- 
stitutes a  very  large  number  in  our  profession. 

The  four  societies  concerned  at  present  are  The  American 
Society  of  Civil  Engineers,  The  American  Institute  of  Mining 
Engineers,  The  .-American  Society  of  ^Mechanical  Engineers,  and 
The  American  Institute  of  Electrical  Engineers.  Many  fruitful 
discussions  have  taken  place  leading  to  useful  action,  and  many 
problems  have  already  been  presented  before  the  Council.  Cer- 
tain questions,  however,  relate  to  the  war  and  the  assistance 
that  engineers  can  render,  and  a  committee,  to  be  called  the  Amer- 
ican Engineering  Service  Committee,  was  appointed  with  instruc- 
tions to  invite  the  cooperation  of  all  engineering  societies.  Its 
present  duty  is  the  tabulation  and  listing  of  members  of  the  five 
societies  represented.  This  tabulation  has  already  in  part  been  done, 
but  in  a  rather  unsystematic  and  unequal  way.  It  is  hoped  that 
the  new^  committee,  by  having  additions  from  other  societies, 
may  make  a  final  and  lasting  tabulation  of  all  the  engineers  in 
the  United  States.  The  list  is  to  be  kept  in  the  Engineering  Socie- 
ties' Building  for  general  use  in  government  problems  and  in 
the  industries.  A  great  many  engineers  have  alreadv  entered 
through  the  engineering  societies,  through  colleges,  and  through 
various  special  boards  in  Washington.  The  importance,  however, 
of  a  complete  list  of  engineers  and  their  professional  specialties 
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cannnt  hv  overestimated,  and  such  a  c()nii)lete  list  can  only  he 
made  with  the  helj)  of  the  local  as  well  as  of  the  national 
societies. 

The  office  of  the  C'ouncil  will  he  in  the  lLn^incerin<4-  lUiilding, 
j<)  West  Thirty-ninth  Street.  \ew   N'ork  C'it\ . 

Effect  of  Gas  Lighting  upon  Ventilation.  Axox.  {American 
(ias  Jifi(/inccrin(/  JoiDiial,  vol.  cvii,  Xo.  8,  j).  i/i,  August  25,  1917.) 
— The  assertion  that  gas  lighting  vitiates  the  atmosphere  is  often 
made,  not  l)ecause  of  a  desire  to  unjustly  condemn  gas  for 
illumination,  hut  because  of  a  C(jnviction  that  the  use  of  gas 
l)ro(luced  an  alteration  of  the  atmosphere  wdiich  is  harmful. 
Ordinary  air  is  chemically  defined  as  a  mixture  of  the  gases  oxy- 
gen and  nitrogen  in  the  ])roportion  of  20.7  per  cent,  by  volume  of 
oxygen  and  79.3  per  cent,  by  volume  of  nitrogen.  The  oxygen 
argument  is  one  of  the  weapons  which  has  been  activ^ely  em- 
ployed in  creating  the  impression  that  the  use  of  gas  so  de- 
creases the  oxygen  content  of  the  atmosphere  that  life  is  endan- 
gered. It  is  only  when  the  oxygen  content  of  the  atmosphere 
is  lowered  below  the  region  of  15  per  cent,  that  signs  of  insuffi- 
cient oxygen  arise.  Such  a  small  reduction  as  about  1.5  per  cent, 
under  the  worst  possi])le  conditions  of  ventilation  has  not  the 
slightest  effect  upon  health  or  comfort. 

The  sense  of  well-being  depends  very  greatly  upon  the  condi- 
tion of  the  skin,  and  its  ability  to  perform  its  functions.  If  the 
percentage  of  water  vapor  in  the  atmosphere  is  high,  the  evapora- 
tion from  the  body  is  greatly  checked,  but  if  the  air  is  sufficiently 
removed  from  the  saturation  point,  the  functions  of  the  body 
proceed  as  they  should  and  health  is  unimpaired.  Much  of  our 
comfort  then  depends  upon  temperature  and  humidity.  The 
thermometer,  howev^er,  is  of  very  limited  value  in  determining 
the  comfort  of  the  body,  because  it  does  not  show  the  cooling 
effect  of  moving  air  or  the  change  in  cutaneous  excitations  pro- 
duced by  the  variation  in  the  strength  of  air  currents.  For  esti- 
mating the  physical  conditions  of  the  atmosphere  we  need  an  instru- 
ment to  measure  the  rate  of  heat  lost  and  not  the  average  tem- 
perature. 

Popular  Lecture  on  Home  Lighting.  {Bulletin  Illuminating 
Engineering  Society,  August,  30,  1917.) — The  second  of  a  series 
of  popular  lectures  issued  by  the  Illuminating  Engineering  Soci- 
ety is  now  ready  for  distribution.  This  lecture  is  devoted  to  the 
application  of  the  fundamentals  of  home  illumination.  Some 
forty-five  lantern  slides  accompany  the  lecture,  which  covers  in 
detail  and  in  an  authoritative  manner  the  specific  requirements 
for  home-lighting  installations,  combining  the  scientific,  artistic, 
and  psychological  principles,  but  stating  these  requirements  in  a 
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non-technical  paper  t»f  interest  to  popular  audiences.  The  i)aper 
covers  some  t\vent\-  paj^es  of  reading  matter  and  paraj^raphs 
descriptive  of  the   lantern   slides. 

The  lecture,  with  accompanying^  lantern  slides,  may  be  se- 
cured for  i)resentation  ui)on  a]ipHcation  to  the  R^eneral  oHices 
of  the  society,  20  West  Thirty-ninth  Street.  New  \'()rk  City.  Reser- 
vations should  be  made  considerably  in  advance  of  the  dates  of 
l)resentation.  as  only  a  few  sets  of  the  lecture  are  available  at  this 
time.  A  small  service  charge  covering  the  cost  of  ui)kcep  and 
delivery  is  made  for  this  lecture  and  for  a  similarly  ])repared 
lecture  on  "  Store  Lighting." 

The  Flow  Meter  and  Its  Relation  to  Plant  Economy.  J.  II. 
Hough.  {General  Electric  Reznczv,  vol.  xx,  No.  8,  p.  649,  August, 
1917.) — The  turbine  and  operating-rooms  of  the  average  ])ower 
plant  are  provided  with  an  up-to-date  switchboard  carrying  everv 
type  of  electrical  instrument  needful  for  the  efficient  distribution 
of  power.  By  sharp  contrast  in  the  boiler-room,  the  fireman 
must  struggle  to  hold  the  load  on  the  boilers,  with  no  guides  to 
assist  him  but  a  pressure-gauge  and  a  water  column.  The  electric 
generators  operating  in  parallel  on  the  bus-bars  are  equipped 
with  wattmeters  to  show  exactly  the  load  on  each.  The  steam 
boilers  operating  in  parallel  on  the  main  header  are  being  oper- 
ated blindly,  with  nothing  to  indicate  in  what  manner  they  are 
dividing  the  load.  The  man  who  approves  the  coal  bill  does  not 
stop  to  analyze  the  load  efficiency  curve  of  the  boiler.  He  perhaps 
does  not  know  that  at  one  particular  rating  the  best  thermal 
efficiency  is  obtained,  and  that  this  efficiency  drops  rapidly  when  the 
boiler  is  very  much  below  or  above  this  point. 

The  big  opportunity  for  reducing  costs  lies  in  the  boiler-room. 
No  one  would  expect  the  electrical  end  of  the  plant  to  be  oper- 
ated satisfactorily  without  some  instruments  to  guide  the  oper- 
ators. Yet  the  pressure-gauge  and  water  column  have  been  and 
are  about  all  the  average  boiler  attendant  has  to  help  him.  For 
the  rest,  he  is  expected  to  be  able  to  get  along  by  using  his 
eyes  to  judge  the  condition- of  the  fire.  There  are  some  men  natu- 
rally gifted  who  can  do  fairly  well  even  under  these  circumstances, 
but  the  problem  need  not  be  left  to  human  judgment  when  it  can 
be  easily  simplified  by  providing  a  few  thermometers,  a  steam 
flow  meter,  and  a  draft-gauge. 

At  the  present  time  the  flow  meter  finds  its  greatest  field  of 
usefulness  on  individual  boiler  units.  It  is  the  ammeter  of  the 
boiler.  A^arious  designs  of  the  instrument  have  been  brought  out 
for  this  use,  having  its  respective  field  of  application.  In  one 
large  plant  the  boilers  are  equipped  with  standardized  indicating 
instruments  to  show  the  output  of  each  unit  at  any  instant  in 
boiler  horsepower.  Changes  of  load  affecting  the  efficiency  are 
indicated  and  recorded,  making  it  possible  to  govern  the  output 
of  each  boiler  for  the  best  efficiency. 
Vol.  184,  No.  1102 — 41 
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Memorial  to  Joseph  Priestley. — On  July  31,  1^74,  many  of  llic 
li-;uliii^  clu-niisls  «»f  America  met  near  the  grave  of  Joseph 
J'riestley,  at  NorlhunilxTland.  to  honor  the  memory  of  the  man 
who  had  discovered  oxygen  one  hunched  years  l^cfore.  In  an 
account  of  the  ])rocee([ings  detailed  in  the  American  Chemist 
for  1874  we  are  told  that  a  movement  was  there  hegun  which 
led  later  to  the  estahlishment  of  the  American  Chemical  Society. 
As  the  foundation  of  the  American  Chemical  Society  has  been 
thus  linked  with  the  name  of  Josei)h  Priestley,  it  would  seem 
proi)er  that  his  work  as  an  investigator  and  philosopher  and 
tireless  searcher  after  truth  sliould  l)c  commemorated  in  some 
lasting  way. 

To  this  end,  the  Council  of  the  American  Chemical  Society 
adopted  a  resolution  at  its  meeting  in  Urbana,  in  Ai)ril,  1916. 
requesting  the  president  to  ai)point  a  committee  to  devise  and 
carry  out  a  plan  for  a  suitable  memorial  to  Joseph  Priestley. 
After  careful  consideration  of  various  plans,  the  committee  rec- 
ommended: (i)  That  a  bust  portrait  of  Joseph  Priestley  be  secured, 
to  be  a  copy  of  the  best  available  portrait;  that  this  be  retained  as 
the  property  of  the  x\merican  Chemical  Society,  but  be  deposited 
as  a  loan  to  the  National  Museum  in  Washington.  (2)  That  a 
gold  medal  be  awarded  at  intervals  of  probably  more  than  one 
year  for  superior  achievement  in  chemical  research ;  the  award 
to  carry  with  it  the  requirement  that  the  recipient  shall  deliver 
an  address  before  the  general  meeting  of  the  society  at  the  time 
of  the  presentation  or  at  such  other  time  and  place  as  the  Council 
may  direct.  Careful  inquiry  has  convinced  the  committee  that 
a  fund  of  at  least  $2000  should  be  secured  to  carry  out  this  plan. 
It  is  requested  that  subscriptions  be  sent  to  the  chairman  or  anv 
member  of  the  committee.  The  committee  is  composed  of  fifteen 
members,  of  which  Dr.  F.  C.  Phillips.  University  of  Pittsburgh, 
is  chairman. 

The  United  States  Rifle,  Model  191 7.  S.  Trask.  {Arms  and 
the  Man,  vol.  Ixii,  Xo.  22,  p.  429,  August  25,  1917.) — Tried  and 
tested,  the  performance  of  the  new  service  rifle  of  the  United 
States  Army,  officially  designated  *'  U.  S.  Rifle,  Model  191 7,''  has 
exceeded  the  most  sanguine  hopes  of  its  sponsors.  It  is  under 
this  name  that  the  British  Enfield  rifle  of  1914  adapted  to  United 
States  ammunition  is  known.  Some  apprehension  was  felt  as  to 
the  trustworthiness  of  the  new  rifle,  but  fortunately  the  adapta- 
tion has  now  progressed  to  a  point  fully  demonstrating  that 
the  change  has  been  accomplished  with  due  regard  to  the  safety 
of  those  who  w^ill  use  the  arm.  The  dimensions  of  the  metal 
in  the  model  of  191 7  are  equal  to,  and  in  some  parts  greater  than, 
those  in  the  Springfield.  This  strengthening  has  been  princi- 
pally over  the  receiver  and  at  the  butt  of  the  barrel.  In  addi- 
tion, the  bolt  of  the  new  model  is  of  nickel  steel,  and  the  re- 
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coixiTS  t'ithor  of  nickel  or  larhon  steel.  I'';iets  of  con>i(leral)lc 
interest  eoncerninj^  tlu'  model  of  H)\y  and  the  arm  from  which 
it  was  adapU'd  are  j.,n\'idually  becominj.^  known,  and  a  statement 
from  an  olVicer  who  has  iii\en  mnch  time  and  stndv  to  the  matter 
adds  some  illnminatini;  details  to  the  facts  ahcadv  known.  Me 
says : 

*'  When  the  (piestion  of  the  desirahdity  ot  (jhtamin^  a  flatter 
trajectt)ry  with  small  arms  was  o])ened  it  was  found  that  with 
the  service  0.^^03  r>rilish  rille.  known  as  the  short  Lee-Mnfield, 
it  was  not  ])()ssil)le  to  obtain  as  Hat  a  trajectory  as  desirable, 
but  a  comi)romise  was  made  and  the  Mark  \  II  ammunition 
was  introduced.  'This  mark  of  ammunition  difTers  from  the 
Mark  \  1  in  the  bullet  haxini;-  a  sharper  jxjint  and  weij.(hinj^ 
174  grains  instead  of  215  j.(rains,  the  ballistics  obtained  in  the 
sliort  Lee-Enfield  rifle  being  2440  f  s.  nuizzle  velocity  with  the 
cartridge  heated  to  60°  for  a  maximum  chamber  pressure  of  45,4CX) 
pounds  per  square  inch.  This  ammunition  gives  a  maximum  height 
of  trajectorv  of  just  under  9  feet  for  a  range  of  Soo  \ards. 

"It  was  ol)vious  that  the  desired  maximum  height  of  trajec- 
tory of  534  ^^ct  for  this  range  could  not  l)e  obtained  in  the  short 
Lee-Enfield  rifle,  and  the  (piestion  of  the  intro(lucti(jn  of  a  new 
design  of  rifle  was  taken  up.  'J^his  led  to  the  design  of  a  rifle 
of  0.276  bore  tiring  a  rimless  cartridge,  and  at  the  outbreak  of 
the  present  war  the  trials  had  almost  reached  finality.  One 
thousand  of  the  rifles  had  been  made  and  issued  to  troops  for 
trial,  and  the  design  of  the  rifle  was  favorabl}-  reported  ui)on. 
The  ballistics  given  by  this  rifle  were  2800  f  s.  nuizzle  velocity 
for  a  chamber  pressure  of  51,500  pounds  per  square  inch.  The 
diameter  of  the  base  of  the  cartridge  was  0.526  inch. 

"  When  the  war  broke  out,  all  question  of  re-arming  had 
to  be  dropped.  A  large  number  of  rifles,  however,  were  required, 
and  as  no  gauges  for  the  short  Lee-Enfield  rifle  were  available, 
and  as  it  was  considered  that  the  0.276  rifle  was  of  simi)ler  design 
for  manufacture  and  that  re-arming  would  be  taken  up  again  at 
the  conclusion  of  the  war,  some  of  the  0.276  rifles  were  sent 
to  rifle  manufacturers  in  this  country  to  see  if  they  could  make 
rifles  similar  in  design,  but  barrelled  to  take  the  British  0.303 
Mark  VII  cartridge.  This  led  to  the  introduction  of  the  rifle 
magazine  0.303,  Pattern  1914.  This  rifle  only  dift'ers  in  design  from 
the  0.276  rifle  in  the  dimensions  of  the  interior  of  the  barrel,  in 
the  magazine  arrangements,  which  had  to  be  made  suitable  for  a 
'  rimmed  '  cartridge,  and  the  graduations  of  the  sights. 

"  The  diameter  of  the  base  of  the  Springfield  cartridge  being 
0.473  i"^^"^  against  0.526  inch,  and  the  chamber  pressure  in  the 
Springfield  rifle  with  the  cartridge  of  Model  1906  and  in  the  0.276 
rifle  being  the  same,  it  will  be  seen  that  the  0.276  rifle  was  designed 
to  stand  a  greater  thrust  on  the  breech  bolt  and  recoil  surfaces 
than  the  Springfield  rifle." 
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Immense  Deposits  of  Potash  Awaiting  a  Cheap  Method  of 
Extraction.  Anon.  (('.  S.  (irohn/ical  Siinwy  J'n'ss  /hillclin, 
No.  }^2^j^,  Sc'plcnihcr.  kjI/.  )- The  I'liitcd  States  (icolo^ical  Survc}-, 
Oepartnicnt  of  the  Interior,  has  prepared  a  brief  report  on  the 
de])()sits  of  t^reensand  in  the  eastern  part  oi  the  United  States 
which  contain  jjotash.  These  deposits  are  immense  l)eds  of  sand 
at  or  near  the  surface  in  New  Jerse\,  1  )ela\vare,  and  (^ther  states 
on  the  Atlantic  coast.  They  cover  man}'  scpiare  miles,  are  at 
some  places  as  much  as  30  feet  thick,  and  carry  locally  a  maxi- 
mum of  7  ])er  cent,  of  potash.  The  pros])ective  value  of  these 
deposits  at  any  ])lace  dei:)ends  upon  the  quantity  of  greensand  avail- 
able and  the  ease  with  which  it  can  be  mined.  Most  of  the  de])()sits 
can  be  mined  with  a  steam  shovel  or  dredge. 

(ireensand  usually  consists  of  grains  of  glauconite,  an  ins(jlu- 
ble  silicate  of  potash,  iron,  and  silica  (which  may  contain  7  j)er 
cent,  or  more  of  potash),  mixed  with  grains  of  quartz  and  other 
materials.  It  gradually  decomposes  on  exposure  to  the  weather, 
its  potash  being  thus  slowly  rendered  available  for  assimilation 
by  plants.  It  has  been  used  in  the  raw  condition  as  fertilizer 
for  over  a  hundred  years,  as  much  as  100,000  tons  having  been 
mined  in  a  single  year  in  Ne\v  Jersey.  However,  though  its  use 
has  i)roved  j^rofitable  at  places  within  easy  hauling  distance  of 
the  deposits,  the  freight  rates  })rohibit  a  long  haul  of  material 
containing  so  small  a  proportion  of  potash.  The  chemical  and 
engineering  i)roblem  is  therefore  to  extract  and  concentrate 
the  potash. 

Experiments  made  by  chemists  and  others  give  hope  that  some 
economical  process  of  extraction  will  be  found,  and  when  a  cheap 
process  has  been  devised  there  will  be  an  immediate  demand  for 
detailed  information  concerning  the  location,  nature,  and  supply 
of  greensand.  In  order  to  meet  this  expected  demand  the  Survey 
has  prepared  this  report. 

According  to  the  report,  the  best  greensands  are  in  New 
Jersey,  running  in  a  series  of  broad  belts  from  Sandy  Hook  Bay 
southwestward  across  Monmouth,  Ocean,  Burlington,  Camden, 
and  Gloucester  counties  into  Delaware,  where  they  are  abundant 
as  far  south  as  Middletown.  Other  less  valuable  deposits  occur 
in  Maryland,  Virginia,  North  Carolina,  Arkansas,  and  Texas,  and 
probably  other  Southern  States  may  contain  similar  deposits. 
The  best  of  this  sand  will  carry  about  6.3  pounds  of  potash  to 
the  cubic  foot,  or  about  75,000  tons  for  each  square  mile  of  sand 
one  foot  thick,  or  1,500,000  tons  for  each  square  mile  of  a  20-foot 
bed.  A  bed  of  that  thickness  carrying  5  per  cent,  of  potash  should 
contain  more  than  1,000,000  tons  of  potash  to  the  square  mile  and 
should  also  carry  about  4,500,000  tons  of  iron  and  possibly  500,000 
tons  of  phosphoric  acid.  To  utilize  these  constituents  is  a  problem 
in  chemical  engineering;  to  measure  the  raw  material  is  the  simpler 
problem  in  practical  geology. 
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The  paper  also  (lescril)es  the  methods  of  analysis  of  j^reeiisaiul, 
especially  a  new  method  worked  out  in  connection  with  this  study, 
it  is  published  as  L'nited  States  (ieolo^ical  Survey  i'ulletin  Uk)-!*, 
'*  Notes  on  the  (ireensand  Deposits  of  the  I'.astern  L'nited  States." 
by  George  11.  Ashley,  and  '*  Methods  df  Analysis  of  (ireensand." 
by  William  1).  1  licks  and  Kej^^inald  K.  liailey.  The  pai)er  can 
be  obtained  free  of  charji^e  by  writing.;  t»)  the  Director.  United 
States  Geological  Surxcy.  \\'ashin«^ton.   1).  (". 

Calcium  Chloride.  Anon.  (  I'.  S.  Ccolotilcal  Survc\  Press  Bul- 
letin, No.  333,  September,  \()\y.) — Calcium  chloride  is  made  from 
natural  brines  found  in  Michigan.  Ohio,  and  West  X'irginia. 
As  the  same  brines  }ield  salt  and  bromine,  practically  every 
constituent  in  them  is  turned  to  profit.  Calcium  chloride  is  u.sed 
as  the  circulating  fluid  in  refrigerating  ])lants,  in  cement  concrete, 
and  in  automobile  gas-engine  water  jackets  to  prevent  freezing, 
and,  on  account  of  its  power  of  absorbing  moisture,  for  laying 
dust  on  roads,  drying  gases,  vegetables  and  fruits,  and  dehydrat- 
ing organic  li(|uids.  Calcium  chloride  in  solution  is  es])ecially 
valuable  in  automatic-sprinkler  systems  and  in  lire  buckets. 

According  to  the  United  States  Geological  Survey,  Depart- 
ment of  the  Interior,  the  quantity  of  calcium  chloride  i)roduced 
from  natural  brines  and  sold  in  the  United  States  has  recently 
been  about  20,000  short  tons  a  year,  valued  at  $6  to  $6.50  a  ton. 
In  191 6  the  production  from  natural  brines  was  26,062  tons,  valued 
at  $216,729,  the  equivalent  of  $8.31  a  ton. 

Chromite,  Important  War  Mineral.  Anon.  {U.  S.  Geological 
Survey  Press  Bulletin,  Xo.  t,t,t,,  September,  1917.) — The  imi)ortance 
of  chromite  as  a  war  supply  in  the  manufacture  of  armor  plate, 
armor-piercing  projectiles,  stellite  for  high-speed  tools,  and  auto- 
mobile and  other  special  steels  can  scarcely  be  overestimated, 
according  to  the  United  States  Geological  Survey,  Dei:)artment 
of  the  Interior. 

The  chief  sources  of  supply  for  the  United  States  during  the 
last  few  years  have  been  Rhodesia,  New  Caledonia,  Turkey,  and 
Greece,  and  the  imports  in  1916  were  i  14,655  long  tons. 

The  greatly  increased  trade,  esi)ecially  m  steel,  and  conse- 
quently larger  demand  for  chromite  have  stimulated  the  search 
for  it  in  the  United  States,  as  shown  by  the  phenomenal  increase 
in  production,  the  amount  sold  in  191 5  being  only  255  tons,  against 
more  than  47,000  tons  in  19 16.  In  Maryland  and  Wyoming  there 
has  been  only  a  small  production,  but  in  the  Pacific  coast  states, 
especially  California,  the  advance  in  the  output  has  been  remark- 
able. In  Oregon  the  production  was  more  than  3000  tons;  in 
California  it  was  nearly  44,000  tons.    Not  all  of  this  was  sold. 

It  is  evident  that  for  some  time  to  come  California  will  furnish 
the  chief  domestic  supply.     With  a  lively  demand  and  good  prices 
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bodies  of  ore  fartluT  from  lines  of  Iransportalion  w  ill  l)c  \\(;rkc'(l. 
'VUv  production  from  some  (l('i)osits  in  \()\y  is  cxpccU'd  lo  exceed 
that  of  1916. 

An  interestin*;-  feature  of  future  chrome  production  lies  in  the 
fact  that  T.  \V.  (Jruetter  has  recently  established  at  Kerby.  Ore., 
a  custom  plant  for  concentrating^  black  sand  t(j  win  its  ^old  and 
platinum.  The  black  sand  of  the  Klamath  Mountains  usually 
contains  a  considerable  amount  of  chromite,  and  it  is  believed 
that  b\  adding  magnetic  separators  to  (iruetter's  plant  to  remove 
the  other  minerals  from  the  tailings  sufficient  chromite  may  be 
obtained  from  the  black  sand  in  areas  of  chromiferous  serpentine 
to  make  the  operation  financially  successful.  The  ])rocess  will 
evidently  yield  a  high  grade  of  chrome  ore,  w  hich  ma\'  be  suitable 
for  special  uses. 

There  is  considerable  chrcMuite  in  Cuba.  ])ut  scared \'  anxthing 
is  known  of  its  occurrence  in  Mexico  or  Central  and  South 
America. 

Ferrochrome,  the  alloy  used  in  making  chrome  steel,  is  now 
manufactured  in  the  United  States  by  electro-metallurgic  meth- 
ods, almost  wholly  in  the  East,  at  the  i)lants  of  the  Electro  Metal- 
lurgical Company  at  Niagara  Falls  and  elsewhere.  It  is  reported, 
however,  that  the  Noble  Electric  Steel  Company  has  three  fur- 
naces at  Heroult,  Calif.,  operating  to  their  full  capacity  in  pro- 
ducing manganese,  chrome,  and  silica  steels. 

Prospecting  for  chromite  may  disclose  other  supplies,  and 
the  most  profitable  deposits  will  be  those  in  areas  of  serpentine 
that  are  adjacent  to  cheap  rail  or  water  transportation  or  con- 
nected with  it  by  good  roads.  Cheap  concentration  may  in  places 
improve  the  grade  of  the  ore  available  for  profitable  mining. 

With  the  known  supplies  of  chromite  and  others  whose  dis- 
covery within  the  limit  of  practicable  transportation  throughout 
the  United  States  is  confidently  expected,  there  is  good  reason 
to  believe  that  the  domestic  output  of  chromite  could  be  so  in- 
creased as  to  go  far  toward  supplying  the  domestic  demand  if 
our  imports,  except  those  from  Canada,  were  cut  ofif. 

The  Purple  Color  of  Lamp  Globes.  M.  Luckiesh.  (General 
Electric  Reviez^',  vol.  xx,  No.  8,  p.  671,  August,  191 7.) — The  pur- 
plish tint  of  lamp  globes  is  commonly  observed.  Glasses  ex- 
posed to  sunlight  and  to  N-ra3'S  sometimes  undergo  a  similar 
change.  It  is  generally  assumed  that  this  color  is  due  to  a 
change  in  the  chemical  or  physical  state  of  the  manganese  which 
is  present  in  most  clear  glasses.  This  coloration  of  glasses  under 
exposure  of  radiant  energy  is  not  alone  confined  to  glasses  con- 
taining manganese.  Sometimes  glasses  containing  potash,  but 
free  from  manganese,  gradually  assume  a  bluish  tinge,  and  those 
containing    sodium    a    yellowish-green    tinge.       Spectral    analyses 
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show  cc)ncliisi\  cly  that  llu'  |)in]>l('  coloring  is  due  Iti  niaiij^ancsc. 
This  color  is  (|iiitt'  unslahli-,  for  il  disappears  under  llu'  inodcralr 
heat  of  the  Hunseii  llaine  lon^  hefore  the  j^lass  is  siilVieiently 
liol  to  lose  its  rijj^idity.  Manj^aiiese  in  clear  ^dass  ix-rforms  the 
l)riniar\-  function  of  neutralizing  the  j^reenish  tint  usually  jjres- 
ent  owini;'  to  slii^ht  (piaiilities  of  iron  oxide  in  the  inj^redients  of 
the  mix. 

The  spectral  transmission  ot  a  j^iass  containing;  a  >li^ht  amciunt 
of  iron  is  ai)proxiniately  complementary  to  that  of  a  j^lass  con- 
taining a  sli^h.t  amount  of  manj^anese ;  that  is,  the  purple  of 
the  manganese  neutralizes  the  j^'reen  of  the  iron.  This,  howexer, 
is  done  at  the  exi)ense  of  light  transmission.  An  exami)le  will 
make  the  i)rocess  clear.  Sup])ose  the  slight  anujunt  of  iron  pres- 
ent reduced  the  transmission  factor  hy  5  ]>er  cent.,  and  that  in 
order  to  neutralize  this  color  a  sufficient  amount  of  manganese 
must  he  incori:)oratcd  to  reduce  the  transmission  factor  hy  ()  ])cr 
cent.  Without  considering  surface  reilection,  the  total  transmis- 
sion loss  becomes  11  per  cent.,  and  the  only  return  for  this  loss 
is  a  neutralization  of  the  slightly  greenish  tint. 

Besides  this  initial  'decrease  there  is  often  a  gradual  decrease 
in  the  transmission  factor  as  the  ])ur])le  color  is  brought  (»ut  by 
the  intense  radiation  from  the  sun  and  artificial  light  sources. 
Measurements  show  that  when  this  color  is  noticeable  to  casual 
observation  the  transmission  factor  has  been  reduced  from  10  to  25 
per  cent.  Pieces  of  arc  lamp  globes  have  shown  transmission 
factors  of  slightly  more  than  one-half,  and  other  s])ecimens  in 
which  the  purple  color  was  cjuite  pronounced  have  sliown  a  loss 
varying  from  55  to  85  ])er  cent.  .\  remedy  for  such  losses  is  to 
eliminate  manganese  and  accept  the  greenish  tint  with  its  higher 
transmission  factor. 

Lamp  with  Renewable  Filament.  Anox.  {lUcctrical  W'ln'ld, 
vol.  70,  No.  9,  p.  410,  September  i,  1917.) — An  incandescent  lamp 
which  can  be  readily  recharged  with  gas  and  fitted  with  a  new 
filament  is  disclosed  in  patent  X\).<,i  ,232,741,  issued  to  A.  J.  West, 
of  Winnipeg.  Manitoba.  In  this  lamj),  which  is  of  the  gas-lilled 
type,  there  is  no  need  for  a  vacuum,  as  it  is  onh'  necessary  to 
retain  the  gas  in  the  globe  under  its  own  j^ressure.  Accordingly 
the  lamp  is  so  made  that  the  globe  can  be  removed  to  permit 
the  renew^al  of  the  filament,  and  when  the  globe  is  attached  to  the 
head  the  joint  is  tight  enough  to  retain  the  gas  admitted.  Fur- 
ther, in  the  head  is  i)rovided  an  easy  means  for  refilling  the 
lamp  with  gas  and  retaining  the  gas. 

Upon  the  filament  being  rendered  useless  the  globe  can  read- 
ily be  unscrewed  from  the  head  and  the  filament  withdrawn 
through  the  neck  of  the  globe.  After  a  new  filament  has  been 
substituted  the  globe  can  be  replaced.     At  this  time,  however,  it 


594  C'ri<ui:Ni'  'IOimcs.  IJ  ''■  f- 

is  nccessar\-  to  rccharj^c  llic  j^lolx-  with  i^as.  This  is  done  by 
r('nu)\ini^  a  screw  i)hii^  and  rccliari^inj^  tlu-  j^^lohc  with  j^as  throuj^h 
a  proxidcd  opcniiii^-.  I'pon  the  ^-lohc  hcinj^  filled  with  tiic  gas 
it  is  screwed   lii^hlly   in   and   the   plu^'  is   itisertecl. 

Bibliography  of  the  Literature  of  Submarines,  Mine's,  and 
Torpedoes.  1).  I*.  Krsii  moki:.  W  .  II.  Lanman,  and  I"..  A.  Lok. 
{Ciencra!  lilccfric  Rci'ic7^',  vol.  xx,  No.  8.  August,  1917.) — At  the 
])resent  nuxnient  there  is  a  \vidcs])read  desire  for  knowledge  on 
the  subject  of  submarines,  the  information  concerning  which  is 
widely  separated  and  is  difficult  of  location  and  access.  Little 
has  been  known  b}-  the  public  in  general  on  this  subject,  partly 
because  of  its  apparent  relati\x'  unimportance,  and  partly  because 
much  of  the  activities  concerning  these  boats  has  been  consid- 
ered confidential  and  the  subject  somewhat  shrouded  in  secrecy. 
The  enormous  losses  sustained  by  the  successful  tactics  of  this  type 
of  craft  have  made  the  problem  of  finding  a  means  of  overcoming 
this  menace  paramount  to  all  else. 

With  a  view  to  making  as  accessible  as  possible  available 
sources  of  information  that  may  be  of  some  assistance  in  solving 
this  problem  of  the  hour,  a  considerable  effort  has  been  made 
to  gather  in  this  issue  of  the  Review  a  bibliography  on  submarines 
and  allied  subjects  covering  the  period  between  1873  and  1917. 
A  list  of  patents  on  the  same  subjects  dated  from  1850  to  the 
])resent  is  also  given.  Among  the  books  mentioned,  by  far  the 
best  historical  treatise  to  be  had  is  the  ''  Evolution  of  the  Sub- 
marine Boat,  Mine,  and  Torpedo,"  by  Commander  Murray  F. 
Suetter,  of  the  Royal  Navy,  published  in  1908.  A  more  recent 
work  of  a  somewdiat  popular  nature,  but  containing  much  valu- 
able information,  is  '*  Submarines,  Their  Mechanism  and  Opera- 
tion," by  Frederick  A.  Talbot. 

The  Aluminum  Air-cooled  Cylinder.  Axon.  {The  Autocar, 
vol.  xxxix,  No.  1 137,  p.  105,  August  4,  1917.) — One  great  advantage 
of  aluminum,  apart  from  its  light  weight,  is  the  high  heat  con- 
ductivity of  this  metal,  and,  as  compared  with  cast  iron  and  steel, 
it  is  of  great  advantage  in  an  air-cooled  engine,  wdiere  efficient 
cooling  entirely  depends  upon  the  rapidity  with  which  heat  is 
conducted  by  the  cylinder  metal  from  its  source  to  the  atmos- 
phere. At  the  temperature  at  which  conductivity  comparisons 
are  usually  made,  copper  has  nearly  twice  the  value  of  alumi- 
num, and  aluminum  five  times  that  of  iron.  That  there  are  real 
possibilities  for  the  air-cooled  engine  is  indicated  by  the  success- 
ful performance  of  the  Franklin  car,  which  is  giving  continued 
satisfaction  to  its  users. 

In  the  recent  Frontenac  racing  car,  aluminum  enters  largely 
in  the  engine  construction,  this  metal  being  used  for  the  cylinder 
block   castings,    among   other    important   parts.      One    way    and 
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.uiotluT.  it  st't'ins  \iiy  (liftkull  t(»  a\«M(l  the  suhject  of  aliniiinuin 
ft)r  engine  conslriictioti.  hrcausr.  cncii  if  w  i-  dcinand  water  cool- 
\ng  as  the  only  fully  satisfactory  method  for  motor-cars,  \vc 
shall  not  evade  llie  (|nesti()n  of  alumininn  c\  linders  with  cast- 
iron  liners.  The  savin^^  in  weij.;ht  between  aluminum  cyhnders 
with  liners  and  cast-iron  cylinders  and  jackets  is  so  much  in 
favor  of  aluminum  that  tlu)se  who  disbelieve  in  it  will  ha\f  to 
establish  some  compromise  by  adopting  a  li^diter  .system  of 
jacketin<^  than  can  ever  be  achieved  in  cast  iron.  In  this  there 
w  ill  be  no  novelty,  as  the  sheet-metal  water  jackets  surrounding.^ 
iron  cylinders  are  \  ery  old  in  motor  construction,  and  at  one 
time  almost  all  the  best  continental  machines  had  these  jackets. 
In  all  probability  they  would  not  have  been  abandoned  had  the 
earlier  methods  of  getting  water-tight  joints  for  these  jackets 
been  so  successful  as  those  adopted  at  a  later  period. 

Cracking  Hydrocarbon  Vapors  by  Electricity.  .\.\o.\.  [lUcc- 
trical  World,  vol.  70,  Xo.  7,  p.  295,  August  18.  191 7.) — A  process 
that  aims  to  obtain  by  means  of  an  electric  discharge  a  greater  yield 
of  fixed  gases  from  hydrocarbon  vapors  is  the  development  of  f.  (i. 
Davidson  and  R.  W.  Ford,  of  \'ancouver.  0.  C,  Canada.  I'atent 
Xo.  1,229,042  has  been  granted  covering  the  discovery  that  by  pass- 
ing such  vapors  through  an  electric  brusli  discharge  field  the  amount 
of  noncondensible  gases  is  increased.  In  actual  tests  it  is  claimed  that 
by  this  process  the  amount  of  CH_,  in  the  gas  has  been  increased 
from  about  25  per  cent,  to  ap])roximately  40  ])er  cent.,  while  the 
amounts  of  C„H.„  were  increased  from  between  7  per  cent,  to  10 
per  cent,  to  between  20  per  cent,  and  27^  per  cent.  OrdinariK-  the 
gas  is  conducted  through  a  plurality  of  conduits  formed  as  vertical 
pipes,  connected  at  their  lower  ends  to  a  sup])ly  header  and  at  their 
upper  ends  to  an  outlet  header,  the  discharge  electrode  being  formed 
as  wires  hung  axially  in  the  pipes  from  an  insulated  support.  The 
pipes  are  grounded  and  the  electrodes  are  connected  by  a  wire  to 
a  mechanical  rectifier  of  the  usual  rotary  type  included  in  the  high- 
tension  circuit  of  a  step-up  transformer,  the  rectifier  connected  to 
ground. 

Marking  Materials.  L.  \\.  IkXker.  (Scioitific  .lincricau,  vol. 
cxvii,  No.  u,  p.  195,  September  15,  1917.) — If  a  diamond  be  drawn 
across  a  piece  of  glass,  its  path  is  marked  by  a  scratch,  the  deei:)ness 
of  which  depends  upon  the  amount  of  ])ressure  exerted  in  the  opera- 
tion. This  scratch,  as  we  all  know,  is  an  actual  rui)ture  or  tearing 
of  the  surface  of  the  glass.  Again,  if  a  piece  of  lead  be  rubbed  over 
a  rough  surface  of  steel  a  mark  is  made  which,  contrary  to  the  con- 
ditions in  the  previous  example,  is  composed  of  the  marking  material. 
Finally,  if  a  liquid  or  semi-liquid  composed  of  dye  or  coloring 
matters  in  suspension,  or  chemicals  capable  of  reacting  to  produce 
color,  be  placed  on  a  smooth  surface  and  allowed  to  dry,  we  have 
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llic  iiioduclion  ol  a  kind  of  marking  (lilTcrciil  Iroin  that  in  cither  of 
the  ah()\c  examples. 

At  first  sii^lit  all  three  of  these  methods  seem  extremely  simi)le 
in  ])rincii)le;  and,  indeed,  the  use  of  a  hard  \vritin«(  ohject  upon  a 
material  softer  than  itself,  or  the  applicati(jn  of  (l\es  and  colors,  does 
not  offer  man\'  i)erplexin<:^  i)rol)lems  for  the  i)hysicist  to  explain.  lUit 
the  use  of  a  material  which  hy  friction  leaves  on  the  writing  surface 
a  mark  composed  of  its  own  suhstance  is  n(jt  quite  so  simple.  In  the 
lirst  place,  (lisrei^ardini;-  all  w  ritin_<(  materials  which  may  l)e  made  of 
a  sticky  composition,  it  is  extremely  difficult,  if  not  im])ossible,  to 
write  upon  a  hard  surface,  if  that  surface  he  smooth  or  i)olished. 
Juidently,.  then,  one  of  the  i)rere(|uisites  is  a  writing  surface  to  a 
greater  or  less  degree  rough. 

,V  consideration  of  equal  importance  is  the  nature  of  the  writing 
suhstance  itself.  This  must  possess  the  quality  of  yielding  up  very 
minute  ])articles  of  itself  when  it  is  being  draw^n  across  the  uneven 
surface  of  the  material  written  u])(jn.  That  all  soft  substances  do 
not  possess  this  property  will  be  evident  if  an  ordinary  rubber  eraser, 
appreciably  soft  to  the  touch,  be  drawn  over  a  rough  surface  of 
steel.  It  leaves  a  mark  far  less  visible  than  that  produced  under  the 
same  conditions  of  application  by  a  ])iece  of  lead,  far  harder  to  the 
touch  than  the  rubber.  Alany  similar  examples  might  easily  be 
([uoted  ;  e\en  in  the  case  of  the  ordinary  i)encil,  we  are  familiar 
with  the  a])parent  greater  hardness  of  the  graphite  core  of  the  pencil 
as  compared  with  the  paper. 

A  closer  examination  will  disclose  the  fact  that  the  property 
really  essential  to  a  successful  marking  material  concerns  itself  with 
the  quantity  of  coherence  existing  between  the  minute  particles  of 
the  substance,  and  the  relative  ease  or  difficulty  with  wdiich  they 
detach  themselves  from  each  other  under  the  action  of  abrasion. 
For  instance,  the  individual  particles  which  go  to  make  up  the 
structure  of  a  diamond, are  extremely  hard  themselves,  and  they 
are  united  to  each  other  so  strongly  that  ordinary  abrasion  on  no 
known  substance  has  the  power  to  tear  them  apart.  On  the  con- 
trary, the  core  of  a  pencil  is  composed  of  a  material  the  small 
individual  units  of  w^hich,  although  harder  to  the  touch  than  the 
paper,  are  so  loosely  bound  together  that  the  abrasion  caused  by 
writing  detaches  them  from  their  mass. 

L'nder  the  microscope  the  surface  of  ordinary  paper  is  seen 
to  be  very  rough.  The  various  fibres  of  which  the  sheet  is  made 
appear  on  the  surface  as  a  tangle  of  thread-like  strands.  Because 
these  fibres  are  more  or  less  rounded  in  cross-section  they  are  slight 
depressions  or  pockets  between  adjacent  fibres.  It  is  these  pockets 
which  fill  up  with  the  pencil  substance  and  make  what  we  all 
recognize  as  the  pencil  mark.  The  pencil  mark  is  not  a  continuous 
black  line,  but  consists  almost  entirely  of  isolated  pockets,  as  de- 
scribed above,  each  containing  a  little  deposit  of  graphite.  Further- 
more, very  little  mark,  if  any,  is  left  upon  the  fibre  itself. 
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The  Pyrogenesis  of  Hydrocarbons.  I..  1.  I.omax.  {JDiirtml 
Institution  of  Petroleum  Tri-hiiohx/ists,  n;i(..  ilnou^^h  Journal  Indus- 
trial and  lini/inccrini^  CJicfnisiry.  vol.  (j.  p.  i<yy),  H)iy.) — Tlu*  products 
of  tlic  inrogciK'lic  IrcaliiuMit  of  ])ctn)lciiiii  may  hv  divided  into  four 
general  classes;  namely,  permanent  gas.  illuminating  oils,  aromatic 
hydrocarbons,  and  volatile  fuels  for  inlernal-combu^tion  engines. 
These  classes  also  represent,  roughly,  the  lines  on  which  developnient 
has  taken  place.  Although  the  manufacture  of  permanent  gas  is  of 
secondary  importance  in  petroleum  technology,  the  earliest  work  on 
the  pyrogenesis  of  petroleum  was  started  with  that  end  in  view. 

The  use  of  illuminating  gas  made  from  oil  was  proposed  as  earlv 
as  179J  by  Murdock,  and  in  1805.  as  well  as  in  1821.  Ilcnrv  de- 
scribed the  gas  obtained  by  cracking  animal  oils,  fats,  and  waxes. 
noticing  the  formation  of  ethylene.  Between  these  two  dates,  John 
l^alton  carried  out  the  first  scientihc  investigation  on  the  pyro- 
genetic  decomposition  of  hydrocarbons  by  subjecting  ethylene  and 
methane  to  the  action  of  electric  sparks.  It  is  evident  that  about 
this  time  the  question  of  the  production  of  gas  from  oil  occupied 
the  attention  of  inventors  and  scientists,  for  in  1825  we  have  the 
classic  discovery  of  benzene  by  Faraday.  The  brilliant  researches  of 
Berthelot  in  i86()-i867  on  the  action  of  heat  ui)on  various  hydro- 
carbons also  mark  an  important  epoch  in  the  development  of  the 
subject.  The  results  of  this  work  stand  to  the  present  day,  the 
W'hole  study  being  worthy  of  the  great  author. 

The  attention  of  the  oil  industry  was  directed  to  the  question  of 
increased  production  of  iUuminating  oils  by  "  cracking,"  an  opera- 
tion that  w-as  accidentally  discovered  in  1861,  owing  to  the  care- 
lessness of  a  stillman  who  built  a  strong  lire  under  his  still  and 
left  it  running,  intending  to  return  in  about  an  hour.  He  did  not, 
however,  return  till  about  four  hours  later,  when  he  found  the 
still  running  a  light-colored  distillate  of  lower  specific  gravity  than 
that  which  was  passing  w'hen  he  left.  Experiment  showed  that  a 
portion  of  the  distillate  had  condensed  upon  the  upper  cooler  part 
of  the  still  and,  dropping  back  upon  the  hot  residue,  was  decom- 
posed into  lower-boiling  constituents.  This  discovery  had.  how- 
ever, to  some  extent  been  anticipated  by  Silliman  in  1855.  who  ad- 
vanced the  theory  that  several  of  the  products  of  distillation  of 
petroleum  were  results  of  heat  and  chemical  change  during  dis- 
tillation. The  discovery  led  to  a  large  amount  of  technical  and 
scientilic  work  on  increasing  the  production  from  petroleum  of 
illuminating  oil,  w^hich  at  that  time  was  the  most  valuable  product 
obtained. 

In  the  early  investigations  catalytic  action  w^as  ignored,  but  at 
more  recent  dates  great  attention  has  been  given  to  the  value  of 
catalysts,  finely  divided  metals  and  their  compounds  being  em- 
ployed. Xotable  among  these  is  the  use  of  metallic  halides,  in 
which  field  the  well-known  reaction  of  Friedel  and  Crafts  has 
formed  the  basis  for  a  number  of  experiments  on  the  decomposition 
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of  liy(lr()i.";iil)()iis.     Aliiniimiin  cliloiidc  lias  ^^cncrall)'  been  employed. 

The  (leinaiul  for  \()lalile  h\droearl)oiis  for  use  as  fuel  in  inter- 
nal-combustion enjT^incs  in  late  years,  and  the  question  of  obtaining 
an  increased  i)r()ducti()n  by  the  utilization  of  fractions  of  crude 
])etroleum  of  otherwise  less  value,  have  stimulated  the  activities  of 
en«»ineers  and  chemists  in  finding  a  solution  to  the  problem.  J'romi- 
nent  among  recent  developments  are  the  processes  of  Rittman  and 
llall.  The  Rittman  process  for  the  manufacture  of  gasolin  and 
benzene-toluene  from  petroleum  and  other  hydrocarbons  has  been 
extensively  exploited  in  the  United  States,  the  investigations  which 
led  to  this  discovery  and  its  large-scale  development  having  been 
carried  on  under  the  direct  auspices  of  the  United  States  Bureau  of 
Mines. 

Tt  has  long  been  known  that  aromatic  hydrocarbons  can  be  pro- 
duced from  certain  types  of  petroleum,  a  process  having  been  pat- 
ented as  early  as  i860  for  the  recovery  of  oil-gas  made  from  petro- 
leum, but  Rittman  claims  that  it  has  never  before  been  demonstrated 
that  they  can  be  produced  in  any  considerable  quantities  from  any 
type  of  oil.  In  the  early  part  of  191 5,  however,  they  were  being 
produced  by  the  Hall  process,  which  if  not  prior  to  the  Rittman 
process  was  at  least  abreast  with  it.  The  benzene-toluene  spirit 
produced  by  the  Rittman  process  contains  considerable  quantities  of 
non-aromatic  bodies  unattacked  by  strong  sulphuric  acid,  and  for 
the  production  of  trinitrotoluene  from  the  toluene  fraction  special 
methods  have  to  be  devised.  The  spirit  produced  by  the  Hall 
process,  on  the  other  hand,  contains  only  minute  traces  of  non- 
aromatic  bodies  unattacked  by  strong  sulphuric  acid,  and  the  tokiene 
produced  is  as  easily  nitrated  as  coal-tar  toluene.  The  cost  of  the 
installation  appears  almost  prohibitive.  The  cost  of  a  plant  on  the 
Rittman  benzene-toluene  process  handling  about  18,000  gallons  of  oil 
per  day  would  be  $335,000.  With  the  Hall  process  a  plant  capable  of 
handling  10,000  gallons  of  oil  per  day  would  cost  about  $58,000. 
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THE  HARAHAN  BRIDGE  AT  MEMPHIS,  TENNESSEE.* 

BY 

RALPH  MODJESKI,  D.Eng., 

Consulting    Engineer,    Chicago,    III. 
Member    of    the    Institute. 

The  great  cantilever  bridge  crossing  the  Mississippi  at  Mem- 
phis, Tenn.,  known  as  the  Harahan  Bridge,  is  the  second  bridge 
erected  at  that  point  and  is  an  important  addition  to  the  long  list 
of  American  cantilever  bridges.  The  bridge  was  authorized  by 
act  of  Congress,  August  23,  191 2,  and  built  by  the  Arkansas 
and  Memphis  Railway  Bridge  Terminal  Company  for  the  joint 
ownership  and  use  of  the  Rock  Island  Lines,  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway,  and  the  St.  Louis  Southwestern 
Railway. 

The  first  steel  was  erected  on  Pier  i,  April  7,  191 5.  Con- 
siderable delay  in  erection  of  the  river  spans  was  experienced, 
owing  to  the  almost  unprecedented  high  stage  of  the  river  during 
the  summer  months,  when  a  low  stage  may  usually  be  looked  for. 
This  prevented  commencement  of  erection  when  expected.  Later, 
again,  when  the  erection  of  spans  3  and  4  was  barely  commenced, 
the  river  rose  to  a  stage  of  26.6  feet  on  December  23,  191 5,  carry- 
ing away  the  falsework  between  piers  3  and  4,  and  some  five 
hundred  tons  of  steel  beams,  stringers  and  other  material,  which 
had  been  deposited  or  assembled  on  the  falsework  during  the 
initial  stage  of  erection  of  this  span.     In  order  to  insure  an  early 
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completion  of  the  l)ri(I^e,  a  supplemental  agreement  was  entered 
into  between  the  bridjj^e  company  and  the  contractors  by  which 
this  span  would  be  erected  partly  without  falsework  and  without 
waitinj^-  for  the  summer  low  water.  This  involved  some  changes 
in  the  plans  and  the  payment  of  a  premium  for  quick  delivery 
of  material.  It  also  became  expedient  to  protect  the  contractors 
against  loss  by  high  water  of  such  falsework  as  would  still  be 
required  for  this  span.  These  arrangements  permitted  the  com- 
pletion of  the  bridge  several  months  sooner  than  could  have  been 


The  Harahan  Bridge  at  Memphis. 


done  had  the  course  of  waiting  for  the  low  water  been  carried  out. 
The  last  pin  w^as  driven  in  this  span  on  June  28,  1916.  The 
first  train  was  run  over  the  bridge  on  July  14,  191 6,  and  the  bridge 
opened  to  railway  traffic  on  the  day  following. 


GENERAL    DESCRIPTION. 


The  bridge  crosses  the  Mississippi  River  two  hundred  feet 
upstream  from,  and  parallel  to,  the  old  bridge  now  owned  by  the 
St.  Louis  and  San  Francisco  Railroad,  and  which  in  this  report 
will  be  called  the  Frisco  Bridge.    The  eastern  end  of  both  bridges 
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is  within  iho  city  limits  of  Mcni])his.  'I\'nn.,  while  the  western 
end  lands  in  Crittenden  County  of  the  State  of  Arkansas.  M 
ordinary  low  water  the  Mississi|)|)i  River  at  this  jxiint  is  alxnit 
1900  feet  wide  hetween  hanks,  while  at  hank-full  sta^e  it  is  alxnit 
2050  feet  wide.  At  extreme  hij^h-water  stages  the  river  over- 
flows the  low  land  in  Arkansas  for  several  miles  inland  on  the 
bridge  line.  This  made  it  necessary  to  construct  a  long,  open 
viaduct  approach  and  thus  provide  a  large  cross-section  to  take 
care  of  flood  waters,  as  required  by  the  W  ar  IX'partment.  The 
Tennessee  shore  is  formed  by  bluffs  on  which  the  city  is  built. 
The  top  of  these  bluffs  is  nearly  at  the  same  elevation  as  the 
bridge  deck,  so  that  no  long  approaches  were  required  at  the 
east  end  of  the  bridge.  The  structure  covered  by  this  report 
consists  of  two  main  portions — the  main  bridge  and  the  Arkansas 
viaduct.  The  main  bridge  comprises  from  east  to  west  one  anchor 
arm  186  feet  3^4  inches  long,  one  channel  span  790  feet  5^ 
inches  long,  one  fixed  or  centre  span,  621  feet  long,  one  shore 
span  604  feet  lyz  inches  long,  and  one  deck  span  345  feet  long. 
These  rest  on  six  piers,  the  easterly  one  being  an  anchor  pier  acting 
both  as  an  anchorage  and  as  an  abutment.  The  total  length  of 
the  main  bridge,  counting  between  centres  of  extreme  end  pins 
of  the  spans,  is  2548  feet  10^  inches,  including  a  distance  of  2 
feet  between  centres  of  end  pins  at  pier  4.  Owing  to  the  prox- 
imity to  the  Frisco  Bridge,  the  river  piers  were  necessarily  located 
exactly  opposite  those  in  the  Frisco  Bridge,  but,  for  reasons  ex- 
plained further  in  this  report,  pier  4,  which  is  placed  on  the  west 
bank  of  the  river,  was  moved  17  feet  towards  the  river,  thus  mak- 
ing the  shore  span  shorter  than  the  corresponding  span  in  the  Frisco 
Bridge.  Permission  to  do  so  was  received  from  the  War  Depart- 
ment. The  main  bridge  is  built  to  provide  a  vertical  clearance 
of  75  feet  above  high  w^ater  of  1887.  This  high  water  corre- 
sponds to  elevation  215.85  of  the  U.  S.  Government  gauge  or  to 
33,14  of  the  W^eather  Bureau  datum.  The  viaduct  is  composed 
of  plate  girder  spans  placed  on  steel  towers,  which  in  turn  rest 
on  concrete  piers.  There  are  twenty  80- foot  and  nineteen  40- 
foot  spans,  making  the  total  length  of  the  viaduct  2360  feet. 
The  total  length  of  the  bridge  between  centres  of  extreme  end 
bearings  is  4912  feet  9^  inches.  The  superstructure  of  the  main 
bridge  was  designed  as  a  four-span  cantilever  system  continuous 
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o\  cr  live  piers,  the  deck  span  being  independent.  This  is  a  very 
similar  disposition  to  tlie  one  followed  in  the  Frisco  Bridge,  the 
difference  being :  first,  that  the  anchor  arm  has  been  made  shorter 
to  obviate  any  reversal  of  stress  in  the  anchor  bars,  which  will 
thns  always  be  in  tension;  and,  second,  in  the  length  of  the  sus- 
pended spans,  which  are  shorter  than  in  the  Frisco  Bridge. 
These  two  modifications  resulted  not  only  in  greater  economy  of 
material,  but  also  in  reducing  the  difficulties  of  cantilever  erection 
by  reducing  the  stresses  on  adjusting  devices  at  the  juncture  of 
the  suspended  spans  and  the  cantilever  arms.  The  shifting  of  pier 
four  17  feet  toward  the  river  permitted  to  shorten  the  suspended 
spans  by  34  feet,  and  still  have  the  three  cantilever  arms  and  the 
two  suspended  spans  respectively  alike.  Both  the  main  bridge 
and  the  viaduct  are  double-track  structures,  two  w^agon  roadways 
being  also  provided  on  brackets  outside  of  the  railway  deck. 
The  distance  centre  to  centre  of  tracks  is  14  feet.  A  horizontal 
clearance  of  30  feet  and  a  vertical  clearance  of  24  feet  above 
base  of  rail  have  been  provided.  The  clear  width  of  each  wagon 
roadw'ay  is  14  feet. 

Starting  at  the  IMemphis  end  on  the  railway  deck,  there  is 
an  ascending  grade  on  the  anchor  or  easterly  span  of  i.i  per 
cent. ;  the  grade  then  becomes  level  and  remains  so  over  the 
three  main  river  spans,  and  becomes  0.6  descending  over  the 
deck  span  and  1.126  per  cent,  descending  over  the  entire  viaduct. 
The  w^agon  roadways  follow  the  same  grades  until  pier  4  is 
reached,  and  then  descend  wnth  a  3  per  cent,  grade  for  a  distance 
of  2030  feet  II  inches,  and  then  continue  level  until  they  reach 
the  county  road. 

MAIN    SUBSTRUCTURE. 

Description. 

The  substructure  of  the  main  bridge  consists  of  five  piers, 
numbered  consecutively  from  i  to  5,  pier  i  being  placed  on  the 
east  shore,  and  one  combined  anchor  pier  and  abutment.  The 
foundations  for  piers  i  to  5  w^ere  built  by  sinking  caissons  by 
pneumatic  process.  The  foundation  for  the  anchor  pier  was  built 
in  open  excavation. 

Borings  taken  before  v^ork  was  commenced  revealed  very 
much  the  same  character  of  materials  as  were  found  in  the  Frisco 
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Bridge:  namely,  fine  to  coarse  sand,  lliin  strata  of  ;^M-a\i'l  and 
clay,  and  a  heavy  stratum  of  hard  hlne  clay,  which  carries  the 
foundations  of  the  iM'isco  Bridge.  No  hed  rock  was  found, 
although  the  horings  extended  200  feet  helow  low-water  level. 
It  was  therefore  decided  to  sink  the  foundations  to  the  same 
stratum  of  hard  blue  clay.  Experience  in  the  Frisco  Ihidj^^e  with 
this  hard  clay  taken  out  of  the  caissons  showed  that  cubes  with 
two-inch  sides,  unsupported  laterally,  could,  with  one  exception, 
w^ithstand  a  pressure  of  at  least  100  pounds  per  square  inch,  or 
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'J.2  tons  per  square  foot.  It  is  fair  to  assume  that  in  case  of 
material  supported  on  all  sides  the  resistance  would  be  greater. 
Crude  experiments  made  in  the  caisson  working  chambers  of 
this  bridge  by  Resident  Engineer  Case  seem  to  justify  that  as- 
sumption. It  was  therefore  decided  that  a  net  pressure  of  5  tons 
per  square  foot  on  the  clay  would  be  a  safe  load  to  impose,  and 
the  dimensions  of  the  caissons  were  determined  accordingly. 
The  following  table  shows  the  various  pressures  on  the  founda- 
tions of  piers  i  to  5,  including  full  live  load: 
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Pressurks  on  Foundations. 

Wfifihls  in  Ions  of  2000  Pounds. 

Pier  I  Pier  2         Pier  3        Pier  4         Pier  5 
Tiinl)fr,    iron,    and    concrete    in    founda- 
tions        loiio  9330             9470             7800             5190 

Concrete  in  working  chamber  and  shafts     1180  1390             1500             1620               390 
Granite    masonry    concrete    backing,    ex- 
cept pier  5,   which   is  all   concrete 7780  i3730            14030             6770              1170 

Total    weight    of    pier    19070  24450  25000  16190  6750 

Superimposed    earth     1810  o  2830  1180  80 

Sui)erimposed    water    to    zero    gauge    o  2740  1310  0  0 

Superstructure    dead    load     5670  5600  5600  1140  850 

Superstructure    live    load    3870  3900  3900  1910  1070 

Total    downward    pressure     30420  36690  38640  20420  8750 

Deduct  for  water  reaction  at  zero  gauge  5310  10920  11250  4950  2090 

Deduct  for  earth  displaced   81 10  4000  6950  5450  345° 

Deduct    for   skin   friction    at   400   pounds 

per    square    foot     2850  16270  2320  17240  2710  20910  2660  13060  2300  7840 

Net   weight   on    foundation    14150  19450  i7730  7360  910 

Pressure     on     foundation     in     tons     per 

square     foot     4-4  5-i  4-7  3-i  0.8 

Horizontal    dimensions    of    caissons 4o'x8o'        42'x9o'  42'x9o'        3i'x77'        25'x46' 

The  deduction  of  400  pounds  per  square  foot  for  skin  fric- 
tion is  conservative.  As  a  matter  of  fact,  while  making  the  last 
drop  in  pier  4  conditions  were  such  that  a  practically  exact 
measurement  of  the  skin  friction  could  be  taken,  and  this  was 
found  to  be  800  pounds  per  square  foot.  It  is  probable  that  this 
friction  will  not  be  less  than  1000  pounds  per  square  foot  after 
the  materials  are  well  settled  around  the  piers.  The  above  table 
also  gives  the  horizontal  dimensions  of  each  caisson.  The  cais- 
sons were  built  of  timber  with  steel  cutting  edges.  They  were 
filled  with  concrete  made  of  Portland  cement  mortar  and  gravel. 
x\  small  quantity  of  crushed  rock  was  used  in  pier  2  when  gravel 
could  not  be  obtained  in  time.  In  piers  i,  2,  and  3  steel  rods 
were  imbedded  in  the  concrete  just  above  the  roof  of  the  caisson 
working  chamber  to  secure  additional  strength  during  the  first 
stages  of  sinking.  The  general  method  of  sinking  was  that 
usually  followed  in  similar  cases.  The  wet  ''  blow  out  "  was  used 
for  excavating  sand  or  silty  clay,  and  buckets  through  air-lock 
for  clay.  Elevators  were  provided  in  piers  2  and  3'  for  the  use 
of  men  in  going  in  and  out.  The  method  of  sealing  the  working 
chamber  differed  from  that  used  in  the  Frisco  Bridge,  and  which 
was  generally  used   at  the  time   that  bridge   was   constructed: 


Nov.,  1917]       The  Hakauan  IjuiDut:  at  MhMriiis.  O05 

instead  of  using  dry  concrete  for  the  cniirc  volume  of  the  cham- 
ber, which  recjuircd  men  for  ramming  it  in  benches,  and  con- 
sumed considerable  time,  dry  concrete  was  usetl  only  to  support 
the  edges  of  the  caisson  and  the  crossbeams,  under  which  it  was 
rammed  in,  and  then  wet  concrete  was  poured  in  until  the  cham- 
ber was  filled.  By  that  method  the  time  required  for  sealing  a 
chamber  was  generally  under  4S  hour.s,  meaning  that  the  rate 
of  placing  concrete  in  the  chamber  was  alxnit  15  cubic  yards  an 
hour.  The  piers  above  the  caissons,  except  pier  5,  are  of  granite 
backed  with  concrete,  except  the  belting  courses  and  two  courses 
below,  which  are  backed  with  granite  stones  of  same  thickness  as 
the  face  stones.  The  coping  of  these  piers  is  entirely  of  granite. 
The  bearing  surfaces  under  the  steel  i>edestals  have  been  carefully 
dressed  after  the  stones  were  set.  The  thickest  course  in  the 
piers  is  36  inches.  The  face  stones  have  a  rock  or  cjuarry  face 
with  projections  not  exceeding  three  inches,  except  the  copings, 
beltings,  and  starlings.  The  copings  are  laid  with  close  joints 
and  are  bush-hammered  throughout.  A  four-inch  draft  line  is 
cut  around  the  lower  edge  of  the  belting  course  and  on  each  side 
of  each  nose  line.  The  curved  faces  of  the  upstream  cutwater 
and  the  surfaces  over  the  pointed  ends  of  each  pier  are  fine 
pointed,  with  no  projections  greater  than  one-half  inch;  the  pro- 
jecting portion  of  the  lower  bed  of  the  coping  and  belting  courses 
are  bush-hammered. 

Reinforcing  rods  i^  inches  square  were  used  in  the  concrete 
backing  of  the  first  seven  courses,  and  every  seventh  course  above 
that,  and  in  the  four  top  concrete-backed  courses. 

Pier  5  was  built  entirely  of  concrete  reinforced  by  steel  rods. 

Pier  i. — The  caisson  for  this  pier  w^as  built  on  shore  in  place. 
It  w^as  supported  on  the  sand  and  gravel  of  the  bank.  Work 
was  begun  on  setting  the  cutting  edge  on  November  23,  19 13. 
The  cutting  edge  w'as  placed  6  inches  nearer  shore  than  the 
desired  final  position,  to  provide  for  the  crowding  effect  of  the 
bank.  The  caisson  was  lowered  20  feet,  of  w^hich  5  feet  were 
below  the  level  of  the  w^ater,  before  the  air-pressure  was  applied. 
Its  final  position  was  correct,  showing  that  the  6-inch  allowance 
for  crowding  w^as  right.  The  upper  eight  feet  of  the  crib  were 
of  light  construction  and  built  of  3-inch  vertical  planking  to  act 
as  a  form  for  the  concrete.  Compressed  air  and  water  for 
sinking  were  supplied  from  the  floating  compressor  plant  moored 
near  by. 
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I^iEU  2. — This  pier  is  located  in  tlie  deepest  jx^rtion  of  the 
river,  and  because  of  the  great  depth  of  water  at  this  place  pre- 
cautions had  to  be  taken  which  were  C(jnsidered  unnecessary  for 
the  other  piers.  To  protect  the  river  bottom  from  scouring  before 
the  landing  of  the  caisson,  and  also  after  the  work  is  done,  a 
willow  mat  200  feet  wide  and  300  feet  long  was  sunk  at  the 
site  of  this  pier,  the  long  dimension  being  parallel  with  the  stream 
and  the  mat  placed  so  that  it  extends  200  feet  upstream  and  100 
feet  downstream  from  the  centre  line  of  the  bridge.  The  caisson 
for  this  pier,  as  well  as  for  pier  3,  was  built  on  a  floating  i)ontoon 
and  launched  by  flooding  the  pontoon  and  separating  it  on  its 
long  centre  line.  In  building  the  caisson  special  care  was  taken 
with  the  caulking.  The  diagonal  planking  in  the  caisson  chamlx-r 
roof  was  laid  in  pitch,  which  was  also  used  over  all  the  seams  in 
the  roof.  This  was  done  to  reduce  the  leaks,  so  that  they  could 
easily  be  handled  by  pumps.  To  assist  in  carrying  the  excess 
weight  of  the  caisson  during  the  initial  stages  of  penetration, 
24  12-inch  by  12-inch  vertical  timbers  and  a  horizontal  belt  of 
12-inch  by  12-inch  timbers  were  bolted  to  the  caisson  walls  on 
the  outside  and  just  above  the  caisson  chamber.  These  timbers 
increased  the  sinking  friction  of  the  caisson  sufficiently  to  enable 
the  excess  weight  to  be  easily  handled.  Before  the  caisson  was 
placed  in  position  a  quantity  of  sacks  filled  with  sand  were  de- 
posited on  top  of  the  mat  so  as  to  reduce  the  depth  of  water  for 
the  purpose  of  easier  landing  of  the  caisson.  About  6  feet  in 
height  was  thus  gained,  reducing  the  depth  of  water  from  51  feet 
to  45  feet  at  the  time  of  landing.  The  greatest  head  of  water 
during  compressed-air  work  occurred  in  this  pier.  It  reached 
107  feet  during  the  sealing  of  the  working  chamber,  while  the  air- 
pressure  was  48  pounds  per  square  inch. 

Pier  3. — A  small  amount  of  sand  sacks  were  used  to  level 
up  the  river  bottom  before  the  caisson  was  landed.  The  depth 
of  water  at  the  time  of  landing  was  30  feet.  The  mat  and  riprap 
placed  during  the  construction  of  the  Frisco  pier  were  found  over 
the  downstream  half  of  the  caisson. 

Pier  4. — The  caisson  for  this  pier  was  built  in  place.     The 

cutting  edge  was  located  18  inches  toward  shore  to  compensate 

for  the  crowding  effect  of  the  bank.     The  river  side  of  the 

caisson  was  supported  during  construction  by  a  series  of  boxes 
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filled  with  sand  and  sunk  about  8  feet  into  the  silt  before  the 
cuttinj^  edi^c  was  asseni])le(l.  The  caisson  was  carefully  lowered 
and  all  necessary  precautions  taken  for  keeping  it  level.  In  spite 
of  that,  the  plane  of  the  cuttin<]^  edge  developed  a  warp  of  2 
inches  before  sufficient  friction  on  the  sides  was  attained  and 
sufficient  air-pressure  applied  to  assist  in  lowering  the  caisson. 
The  air  plant  for  this  caisson,  as  well  as  for  caisson  5,  was  located 
400  feet  inshore  on  an  old  dike  above  ordinary  high  water.  The 
allowance  of  18  inches  for  the  crowding  effect  of  the  bank  proved 


General  view  of  completed  piers,  looking  east. 


to  be  too  great,  and  it  was  with  considerable  difficulty  that  the 
caisson  was  finally  brought  tO'  within  3  inches  of  its  true  position. 
After  the  cutting  edge  reached  a  depth  of  65.5  feet  below  low 
water,  or  elevation  11 6.1,  the  excavation  was  carried  down  3  feet 
below  the  cutting  edge  to  a  stratum  of  rock  a  few  inches  in 
thickness  overlying  the  hard  blue  clay. 

Pier  5. — The  caisson  was  built  in  place.  The  material  tra- 
versed was  almost  entirely  sand,  very  little  being  removed  through 
the  bucket  locks.  On  the  morning  of  April  9  a  deplorable  accident 
occurred  in  which  9  men  lost  their  lives.  The  men  of  the  gang 
going  in  to  relieve  the  crew^  in  the  working  chamber  were  over- 


Nov.,  1917]       The  IIarahan  Briikie  at  Memphis.  609 

come  by  j^as  as  they  were  about  to  lock  in,  and  apparently  in- 
stantly killed.  Xo  definite  evidence  as  to  the  nature  or  origin 
of  the  gas  which  had  accumulated  at  the  bottom  of  the  main 
shaft  above  the  lock  has  been  obtained,  but  the  probability  is 
that  the  accident  was  due  to  carbon  monoxide  formed  bv  the 
ignition  and  combustion  of  methane  (CH4).  The  men  in  the 
working  chamber  felt  no  ill  effects  whatever,  and  were  taken  out 
one  by  one  through  the  material  locks. 

Anchorage  Pier. — The  anchorage  pier  was  built  in  open  ex- 
cavation 48  feet  deep,  and,  although  the  clay  through  which  this 
excavation  was  made  stands  well  on  a  vertical  face  when  dry,  it 
was  deemed  necessary,  in  view  of  the  considerable  depth,  to  use 
heavy  timbering.  The  pier  w^as  built  of  concrete  faced  with 
granite  above  the  ground  line  and  reinforced  by  steel  rods.  The 
anchor  girders  were  entirely  imbedded  in  the  concrete.  W'ells 
were  left  around  the  anchor  bars  and  filled  in  later,  after  the 
bars  had  been  stretched  by  subjecting  them  to  a  stress,  as  ex- 
plained in  the  chapter  on  superstructure. 

QUANTITIES    AND    COMPARATIVE    UNIT    COSTS    OF  PIERS. 

The  substructure  of  the  Frisco  Bridge  was  built  with  the  rail- 
way company's  forces ;  that  of  the  new  bridge  was  built  under 
contract  based  on  cost  and  percentage.  In  both  cases,  therefore, 
an  accurate  account  of  cost  was  possible.  The  design  and  char- 
acter of  the  piers  in  both  bridges  are  very  similar.  In  both,  the 
piers  have  been  sunk  by  pneumatic  process  to  about  the  same 
elevations,  through  very  similar  materials ;  in  both,  the  face  stones 
are  of  granite,  except  that  in  the  Frisco  Bridge  some  limestone 
facing  was  used  below  low  water.  Because  of  this  similarity 
it  was  deemed  of  interest  to  prepare  unit  costs  of  the  various 
portions  of  the  piers  and  compare  the  results  with  the  Frisco 
Bridge,  as  given  in  Morison's  report. 

Volume  of  Piers  in  Cubic  Feet. 

Pier  I  Pier  2         Pier  3  Pier  4      Pier  5 

Foundation     189,440         192,780         193.725         147.278         93.i5o 

Sinking    (actual    volume     sunk) 243,616  :g5.642         281,666  182,772         98,088 

Masonry    101,986         173.632         180,074  86,282         19,062 
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Unit  Cost  in  Dollars  i'i:r  Cubic  Foot. 

Pier  I  Pier  2  Pier  3  Pier  4  Pier  5 

All   concrete 

Sinking   (to  actual    volume   sunk) 0.141  0.310  0.206             0-i39  0.109 

Foundation    (excluding   sinking)    0.469  0.759  0.631              0.509  0.494 

Foundation    (including   sinking)     (to   total 

volume    foundation)     0.649  1074             0.931             0.682  0.508 

Masonry  (to  total  volume  shaft) 0.785  0.721  0.757             0.889  0.371 

Foundation,     sinking,     and     masonry     (to 

total   volume   of   pier) 0.697  0.906  0.847             0.758  0.568 

Morison's  report  on  the  old  Memphis  Bridge  gives  unit  costs, 
which  are  on  a  comparative  basis,  with  the  following  exceptions : 
Morison's  figures  do  not  include  concrete  below  cutting  edge  or 
clay  left  in  chamber  above  cutting  edge,  and  there  are  included 
credits  from  sale  of  plant  which  are  not  included  in  the  figures 
for  the  new  bridge.  Morison's  report  also  includes  the  volume  of 
the  voids,  or  wells  in  the  body  of  the  piers.  The  unit  costs  which 
compare  with  the  last  line  of  the  former  table  are  as  follows: 

Unit  Cost  in  Dollars  per  Cubic  Foot  of  Piers  of  the  Frisco  Bridge. 

Pier  I    Pier  2    Pier  3  Pier  4 

Foundation,   sinking,  and  masonry   (to  total  volume   of  pier)  0.787        0.832        0.999        0.801 

MAIN   SUPERSTRUCTURE. 

Descriptioii. 

The  main  superstructure  consists  of  a  continuous  cantilever 
system  of  four  spans  and  one  deck  span,  the  lengths  of  which 
have  been  given  elsewhere.  It  carries  a  double  track  for  railway 
and  two  roadways,  one  on  each  side,  supported  on  brackets  out- 
side of  the  trusses. 

The  principal  reason  for  adopting  the  cantilever  system  for 
the  river  spans  was  that  it  enabled  the  channel  span  between 
piers  I  and  2,  which  is  placed  over  the  deepest  portion  of  the 
river,  to  be  erected  without  falsework.  It  would  have  been  ex- 
tremely hazardous,  if  not  impossible,  to  erect  the  790-foot  channel 
span  on  falsework.  It  has  been  suggested  that  a  fixed  or  simple 
span  of  that  length  could  be  erected  by  cantilever  method,  but 
a  fixed  span  of  that  length  has  not  yet  been  built,  and  if  built 
by  cantilever  method  would  require  a  large  addition  of  metal 
near  the  ends  in  the  top  and  bottom  cords,  to  take  care  of  erec- 
tion stresses.  But,  even  without  that  addition,  a  system  of  fixed 
spans  would  weigh  considerably  more  than  the  one  used.  It  was 
originally  planned  to  use  falsework  in  all  spans  except  the  channel 
span,  but,  owing  to  high  water,  as  already  described,  the  cantilever 


Nov.,  iQi/l       Till-:  IIaraiian   |-.kiih;kat  Mkmphis.  6ll 

arm  projecting  Iroin  pier  3  and  the  east  hall  of  the  seini-sus- 
peiulcd  span  between  piers  3  and  4  were  erected  by  cantilever 
method,  and  only  the  west  half  of  the  latter  on  falsework. 

The  snperstructure  is  built  partly  of  carbon  steel  and  partly 
of  a  nickel-chrome  alloy,  known  under  the  name  of  '*  Mayari  " 
steel,  which  is  manufactured  from  Cuban  ores  containing  both 
nickel  and  chrome  very  nearly  in  right  proportions  to  prcjduce 
proper  bridge  material  of  excellent  (piality.  Nickel  steel  had 
been  used  a  short  time  previous  to  the  construction  of  this  bridge 
in  at  least  two  large  bridges  where  strength  of  the  metal  became 
a  source  of  economy.  That  alloy  was  artificially  produced  by 
■the  addition  of  from  three  to  three  and  one-half  per  cent,  of 
nickel  and  is  consequently  expensive.  Other  alloys  have  also 
been  suggested  from  time  to  time  for  bridgework.  In  order  to 
receive  the  benefit  of  competition  and  at  the  same  time  make  a 
decision  possible  as  to  the  metal  to  be  used  to  the  best  advantage 
in  the  structure,  the  following  procedure  w^as  adopted :  Two  dis- 
tinct designs  w^ere  w^orked  out  in  detail,  one  for  carbon  steel  with 
only  the  eye-bars  of  alloy  steel,  and  one  of  alloy  steel  trusses  and 
bottom  lateral  system  and  carbon  steel  floor  system,  using  in  both 
designs  unit  stresses  fifty  per  cent,  higher  for  alloy  tension  mem- 
bers and  forty  per  cent,  higher  for  alloy  compression  members 
than  for  carbon  steel.  The  specifications  were  then  prepared  in 
such  a  way  as  not  to  exclude  any  alloy  of  nickel  and  other  metals 
which  the  manufacturers  might  desire  to  submit  for  use,  provided 
it  met  the  physical  requirements,  and  provided  their  composition 
did  not  contain  an  excess  of  injurious  elements.  Tenders  were 
received  on  both  the  carbon  and  the  alloy  designs,  and  the  alloy 
design,  costing  approximately  $68,000  less  than  the  carbon  design, 
W'as  adopted. 

Expansion  for  the  trusses  was  provided  on  pier  2  by  means 
of  specially  designed  segmental  roller  bearings.  Expansion  is 
also  taken  care  of  at  the  junction  of  each  cantilever  arm  with 
the  corresponding  suspended  span  and  at  the  shore  end  of  the 
anchor  arm.  Anchorage  is  provided  by  means  of  eye-bars  at- 
tached to  steel  girders  which  are  placed  near  the  bottom  of  the 
anchorage  pier.  Both  the  girders  and  the  anchor  bars  are  imbedded 
in  concrete,  but  wells  were  left  open  around  the  anchor  bars 
until  these  bars  were  stretched  to  correspond  to  the  greatest 
stress  W'hich  they  will  be  expected  to  carry  under  a  moving  live 
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load.  This  was  acconiplishcd  by  a  special  device,  consisting  of 
bearing  blocks  and  wedges  placed  on  the  anchor  pier  coping.  By 
means  of  these  wedges  a  requisite  tension  stress  was  introduced 
into  the  bars,  and  while  they  were  thus  stretched  the  wells  were 
filled  with  concrete  packed  tightly  around  the  bars.  hi  this 
manner  there  will  be  no  variation  of  length  in  the  imbedded 
anchor  bars  due  to  varying  loads.  The  expansion  is  taken  care 
of  by  the  oscillation  of  the  vertical  bars  leading  from  the  anchor- 
age to  the  top  chord. 

The  superstructure    was    designed    to    carry  a    loading    of 


Arkansas  approach  viaduct,  October  i,  191 5. 


Cooper's  E  55  on  both  tracks,  and  in  addition  thereto  600  pounds 
per  foot  of  roadway  on  suspended  spans,  and  500  pounds  on  the 
remainder  of  the  bridge.  Members  subject  to  concentrated  panel 
loading  were  calculated  for  E  55  locomotives  on  both  tracks  with 
1 120  pounds  per  lineal  foot  of  the  nearest  roadway.  The  stresses 
in  the  entire  bridge  have  also  been  calculated  on  the  assumption 
of  a  loading  of  Cooper's  E  75  on  each  track  and  1000  pounds 
per  foot  of  truss  for  roadways.  Under  this  ''  test  load,"  the 
stresses  will  not  exceed  six-tenths  of  the  elastic  limit  of  material 
in  any  member,  which  means  that  such  a  loading  could  be  operated 
over  the  bridge  with  perfect  safety  at  moderate  speeds. 
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Tile  \vcii;hts  of  metal  in  the  completed  MiiKTstructure  are  ^iven 
in  the  following  table : 

Anchor   arm—                                                 Alloy  steel  Carbon  Steel  Total 

Chords  and  end  posts   9^.37o  115,6*)  1.04^.990 

Web    system    a6i,86a  84^.206  1.104.U68 

Railway    floor    system    364.088  364,088 

Wind  and  sway   bracing    272,473  ^2,471 

End   bearings  on   pier   312,001  jii.ooi 

Roadway    floor   system    160,428  i6u.4j8 

Railing    43,500  43.S00 

1,189,23^  2,110.316  3.399.548 

Anchorage    material     58,028  181.594                    239,622 

Three    cantilever    arms — 

Chords  and  end  posts   3,749,668  37.500  3.787,168 

Web    system     644,372  496.494  1. 140.866 

Railway    floor   system    905.712  905.712 

Wind   and    sway    bracing    162,420  402,383  564.803 

Roadway  floor  system   402,868  402,866 

Railing    130,800  130,800 

4,556,460  2.375,757  6,932,217 
Suspended   and   semi-suspended   spans — 

Chords   and   end   posts    3.678,332  48,240  3,726,572 

Web    system     1,307,833  589,678  1,897.511 

Railway    floor    system    1,515.848  1.515.848 

Wind  and  sway  bracing  86,390  396,040  482,430 

End  bearings  on  pier  4   58,699  58.699 

Roadway    floor   system    635,840  635,840 

Expansion  devices   57,005  57.005 

Railing    195,800  195.800 

5.072.555  3.497.150  8.569,705 
One    fixed    span — 

Chords  and   end   posts    4.640,577  53.900  4.694.477 

W^eb    system    ?,I05,649  762,871  2,868.520 

Railway    floor    system    1,161,260  1,161.260 

Wind   and   sway   bracing    80,650  539,480  620,130 

End  bearings,  piers  2  and  3    681,195  681,195 

Roadway    floor    system    459,601  459-6ji 

Railing    145.769  145.769 

6,826,876  3.804,076  10,630,952 
One    deck    span — 

Chords   and   end   posts    327,522  716,873  1,044,395 

Web    system    539.7oo  539.70o 

Railway    floor    system    600.654  600,654 

Wind  and   sway  bracing   200,121  200,121 

End  bearings  piers  4  and  5   82,110  82,110 

Roadway    floor   system    301.031  301.031 

Railing    81,000  81.000 

327,522  2,521,489  2,849,011 
Railway  guard  angles,  floor  bolts,  wire 

supports,   and  pier  ladders   331.809  331.809 

Total— Main    Bridge    18.030,673  14,822,191  32.852.864 

Adjusting    devices     61.174  35i.39o                     412.564 

Grand    total— Main    bridge    1S.0QI.847  15,173.580  33,265.428 
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The  railway  and  roadway  decks  arc  l)uilt  of  creosoted  timber, 
Jn  view  of  the  considerable  depth  of  water  between  piers  2 
and  3  and  the  necessity  of  erecting  the  fixed  span  on  falsework, 
it  was  decided  to  protect  the  river  ])Ottoni  by  sinking  woven 
willow  mats  over  the  entire  space  between  the  piers  and  on  a 
width  of  200  feet.  Special  weaving-  barges  were  leased  for  that 
purpose,  and  the  mats  were  woven  and  sunk  in  place  by  means 
of  riprap.  It  is  believed  that  without  this  precaution  the  unusual 
high  water  in  December,  191 5,  would  have  endangered  this  span 
very  seriously.  As  it  was,  great  pressure  was  being  exerted 
against  the  falsework  by  the  accumulated  drift,  which  caused  the 
span  to  deflect  downstream  approximately  eight  inches.  Owing 
to  the  fact  that  the  lateral  system  was  completely  bolted,  no 
damage  was  done. 

It  was  intended  to  proceed  with  the  erection  of  the  cantilever 
arm  and  semi-suspended  span  between  piers  3"  and  4  as  soon  as 
the  fixed  span  was  erected.  To  that  end,  falsework  had  been 
placed  between  these  piers  and  some  steel  work  assembled  on 
top  of  the  falsework  and  a  gantry  traveller  built  to  handle  the 
steel.  On  December  2;^,  as  already  described,  the  falsework  be- 
tween piers  3  and  4  went  out,  due  to  high  water.  It  was  then 
decided  to  complete  the  channel  span  between  piers  i  and  2  while 
arrangements  were  being  made  for  replacing  the  steel  lost  with 
the  falsework  and  modifying  the  details  of  the  span,  so  as  to 
adapt  it  to  cantilever  erection. 

The  first  train,  carrying  the  officials  of  the  bridge  company, 
ran  over  the  bridge  on  July  14,  19 16,  and  the  bridge  was  opened 
for  traffic  the  following  day. 

ARKANSAS  APPROACH  VIADUCT. 

This  viaduct  is  2363  feet  11  inches  long  between  centre  of 
end  bearings,  and  consists  of  an  alternating  series  of  40-  and  80- 
foot  plate  girders,  40-foot  spans  forming  towers.  The  piers  for 
the  towers  are  of  concrete  and  built  on  concrete  piles.  The  steel 
was  manufactured  under  the  writer's  standard  specifications  for 
bridges  of  191 1.  No  other  steel  was  to  be  used  in  the  viaduct, 
and,  as  the  work  is  of  a  simple  nature,  these  specifications  were 
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deemed  sufticicnt.     Tlie  weit^^lils  of  steel  arc  given  in  the  followinjj 

table : 

C.trbon  ktcrl,  ixiuiidi 

Railway  floor    .   4,824,9(X) 

Roadway    floor    2,752,440 

Towers     4.131,810 

Railing,  guard  angles,  and  refuge  platforms....      445,910 

Total    12.155,060 

The  total  quantities  of  the  principal  materials  in  the  main 
bridge  and  approaches  are  as  follows:  Timber  in  fcmndation, 
3270  M.B.M. ;  concrete  in  piers  and  foundations,  43,0x30  cubic 
yards;  granite  masonry  in  piers,  9467  cubic  yards;  steel  in  super- 
structure, 45,420,488  pounds;  creosoted  timber  in  railway  and 
roadway  decks,  2090  M.B.M. 


The  Liberty  Motor.    Anon.    {Aerial  Age,  vol.  vi,  No.  2,  p.  53, 

September  24,  1917.) — One  of  the  first  problems  which  confronted 
the  War  Department  and  the  Aircraft  Production  Board  after  the 
declaration  of  hostilities  was  to  produce  quickly  a  dependable  avia- 
tion motor.  Two  courses  were  open.  One  was  to  encouraj^c 
manufacturers  to  develop  their  own  types ;  the  other  to  bring  the 
best  of  all  types  together  and  develop  them.  The  necessity  for 
speed  and  quantity  production  resulted  in  the  choice  of  the  latter 
course.  By  the  inspiring  cooperation  of  consulting  engineers  and 
motor  manufacturers,  who  gave  up  trade  secrets  under  the  emer- 
gency of  war  needs,  a  new  motor,  designated  by  the  Signal  Service 
as  the  "  liberty  motor,"  has  been  develoi)ed  for  the  use  of  the  United 
States  air  service,  and  is  the  country's  main  reliance  for  the  rai)id 
production  of  this  important  component  of  high-powered  battle 
planes. 

In  power,  speed,  service  ability,  and  minimum  weight  the  new 
engine  invites  comparison  with  the  best  the  European  war  has  pro- 
duced. One  of  the  chief  rules  adopted  at  the  beginning  of  the  design- 
ing work  was  that  no  engineer  should  be  permitted  to  introduce  con- 
struction which  had  not  been  tried  out :  there  was  no  time  for  theoriz- 
ing. The  new  engine  is  successful  because  it  embodies  the  best 
thought  of  engineering  experience  to  date.  Not  only  did  consulting 
engineers  of  this  country  furnish  ideas,  but  representatives  in  the 
United  States  of  England,  France,  and  Italy  contributed  to  the 
development  of  this  motor. 

While  it  is  not  deemed  expedient  to  set  forth  in  detail  the  satis- 
factory performances  and  the  mechanics  of  the  new  motor,  it  may  be 
said  that  standardization  is  a  chief  factor  in  the  development  of  the 
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Govfrnnicnt's  motor.  Cylinders,  pistons,  and  every  other  part  have 
been  standarchzed.  They  may  he  produced  rapidly  and  economically 
by  a  great  many  factories  oj)erating  under  (jovernment  contracts,  and 
may  he  rapidly  assembled,  either  by  these  plants  or  at  a  central  assem- 
bly plant.  Jt  should  be  understood  that  the  "  new  "  motor  is  not, 
strictly  speaking,  an  invention.  No  doubt  it  has  what  are  in  effect 
new  values,  but  the  real  result  achieved  is  the  combination  of  the 
strong  points  of  all  the  available  contrivances  of  the  kind. 

Failure  of  the  Carburizing  Process.  E.  F.  Lake.  (Proceed- 
in  i:;s  of  the  Stccl-Treating  Research  Club  of  Detroit  (through  Ma- 
chinery)  (London),  vol.  x,  No.  258,  p.  620,  September  6,  1917.)  — 
The  carburizing  or  cementation  process  of  adding  carbon  to  iron  or 
ferrous  alloys  is  so  ancient  that  its  origin  cannot  be  traced.  Metal 
workers  for  many  centuries  made  good  steel  by  this  process,  but  they 
did  not  know  that  it  was  the  carbon  they  added  to  the  metal  that 
gave  the  desired  results.  Although  any  of  the  new  alloy  steels,  prop- 
erly worked  and  heat-treated,  will  give  better  results  than  carburized 
steel,  the  latter  is  still  much  used  in  the  manufacture  of  some  im- 
portant machine  parts,  especially  in  the  automobile  industry.  Low- 
carbon  steel  can  be  machined  more  readily  than  high-carbon  steel, 
and  this  is  one  of  the  reasons  why  the  carburizing  process  has  re- 
mained, but  the  principal  argument  advanced  in  favor  of  carburized 
parts  is  that  they  have  a  hard  outer  surface  that  will  resist  wear  to 
the  greatest  degree  and  a  tough  centre  that  will  prevent  breakage. 
The  value  of  these  properties,  however,  is  less  than  might  be 
expected. 

The  steels  containing  from  0.12  to  0.18  per  cent,  carbon,  which 
are  generally  used  for  carburized  parts  that  contain  approximately  i 
per  cent,  carbon  in  the  outer  shell,  seldom  have  an  elastic  limit  of 
more  than  40,000  pounds  per  square  inch,  and  this  cannot  be  in- 
creased much  more  thaii  5000  pounds  by  any  heat-treatment.  If 
steel  with  a  high  enough  carbon  content  to  give  the  best  wearing  sur- 
face is  used,  the  elastic  limit  can  be  raised  to  more  than  100,000 
pounds  per  square  inch.  In  the  early  days  of  the  bicycle,  ball  and 
roller  bearings  first  came  into  general  use.  Then  the  cups,  cones, 
races,  and  even  the  balls  and  rollers,  were  carburized.  Manufac- 
turers soon  learned,  however,  that  the  hard  outer  shells  of  the  balls 
would  compress  against  the  soft  centres  and  cause  them  to  deform ; 
then  the  bearings  soon  failed.  Many  of  the  balls  would  also  break 
and  crack  between  the  hard  outer  shell  and  the  soft  core,  causing  the 
shell  to  peel  off.  When  the  manufacturers  resorted  to  a  high-carbon 
steel  and  gave  the  balls  a  uniform  hardness  clear  to  the  centre,  they 
found  that  a  given  size  ball  w^ould  carry  a  much  larger  load.  Later 
chromium  steel  was  found  best  for  this  purpose.  At  present  high- 
grade  ball  bearings  outwear  automobiles,  carrying  more  than  twice 
the  load  they  bore  in  the  bicycle  days. 
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INTRODUCTION. 

IMoDEKX  scientific  experiments  and  theories  have  estabH^hcd 
that  all  organic  compounds  are  the  result  of  chemical  change  and 
that  light  is  essential  to  most  forms  of  organic  life.  That  the 
chemist  is  interested  in  the  chemical  actions  affected  1)\'  liLdit  and 
radiations  of  similar  character  follows  as  a  matter  of  coarse. 

The  action  of  chlorophyll  in  plants  upon  carbon  dioxide  and 
water  brought  about  by  sunlight  or  artilicial  light  produces  the 
most  marvellous  chemical  changes,  such  as  formation  of  sugars, 
glucosides,  starches,  essential  oils,  cellulose,  camphor,  rubber, 
alkaloids,  gums,  resins,  etc. 

Photography,  wath  all  its  beauty  and  manifold  applications, 
would  not  be  possible  were  it  not  for  the  chemical  action  of  light. 
The  physicist,  with  his  well-constructed  camera,  is  able  to  form 
a  beautiful  image,  but  making  that  image  permanent  is  a  chemical 
process.  Again,  the  chemist  has  been  called  upon  to  furnish 
dyes  to  be  used  in  paints,  wall-paper,  inks,  clothing,  etc.,  that  will 
not  fade  when  exposed  to  light.  The  bleaching  of  cloth  by  the 
old  process  of  allowing  it  to  lie  on  the  grass  in  the  sunlight  is  due 
to  a  chemical  reaction.  The  tanning  of  the  skin  by  sunlight  is 
evidence  of  a  chemical  reaction  produced  by  light.  Because  of 
the  magnitude  of  the  field  it  has  come  to  be  recognized  as  a  dis- 
tinct branch  of  chemistry,  to  which  the  name  "  Photochemistry  " 
or  '' Actinochemistry  "  has  been  applied:  the  latter  being  pref- 
erable because  of  its  more  inclusive  meaning. 

Eder  ^  pointed  out  that  the  chemical  action  of  light  was 
closely  connected  wnth  optical  absorption :  those  rays  which  act 
chemically  on  a  substance  must  be  absorbed  by  it.  He  points  out 
further  that,  while  waves  of  certain  lengths  appear  to  produce 
specific  effects,  light  of  all  colors,  from  extreme  violet  to  ex- 

*  Communicated  by  the  Author. 

^"Handbuch  der  Photographie,"  2d  ed.,  7,  180  (1892);  Fr.  Bancroft, 
Jour.  Phys.  Chcm.,  12,  209-278  (1908). 
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treme  red,  can  cause  chemical  action.  The  followinf^  table  (Fig. 
i),  copied  from  ])i<;clovv,-  gives  a  graphic  description  of  the 
range  of  the  rays  of  radiant  energy,  any  of  which  may  be  capa- 
ble of  increasing  the  activity  of  chemical  change.  Attention  is 
called   particularly   to   the   extremely   small   proportion   of   this 

Fig.  I. 
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energy  which  is  capable  of  affecting  our  sense  of  sight,  and  to 

the  still  smaller  percentage  which  is  available  for  use  when  the 

ordinary  apparatus  and  conditions  employed  by  chemists  are  used. 

This  is   further  indicated  by  the   following  table  copied   from 

Curtis :  ^ 

The  Lower  Limits  of  Transparency. 

Flint  glass One  centimetre  thickness  transmits   from   50  to   80 

per  cent,  at  350  /^z".  Less  than  i  per  cent,  is  trans- 
mitted at  305  MM. 

Uviol  glass.. Lower  limit  at  253  mm. 

Fluorite One  centimetre   thickness  transmits  83   per   cent,  at 

j86,  and  the  transparency  is  still  high  at  100  li-ii-. 

Rock  salt Transparency  is  high  at  186  l^i^. 

Quartz Transmits  94.2  per  cent,  at  222  i^-ii-  and  67.2  per  cent. 

at  186  li-ii- ;  at  beyond  186  [11^-  the  transparency  falls 
off  rapidly. 

Calcite Less  transparent  than   quartz    for   short  waves. 

Mica Strongly  absorbs  the  short  waves. 

Water •  • Transparency  is  high  at  193  y-i*-.    At  186  i^^i-  it  is  less 

transparent  than  is  quartz. 

Glycerine Transparency  is  high  at  240  i^ii^. 

Canada  balsam Transparency  is  high  at  330  i^-ii-. 

Gelatine ,. .  .  .Transparent  down  to  257  i^-ii-. 

Air Transparency  is  high  at  194  i^-ii- ;  at  186  m  the  absorp- 
tion is  very  high,  and  no  waves  shorter  than 
165  fiii'  are  transmitted. 

*"  Theoretical  and  Physical  Chemistry,"  p.  100  (1914). 
^Metallurgical  and  Chemical  Engineering,  14,  184   (1916). 
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Tn  the  thesis  which  follows,  the  similarity  between  the  efTects 
produced  by  the  different  forms  of  radiant  energy,  namely,  radi- 
ant heat,  light,  and  electricity,  will  be  ix)inted  out.  As  subjects  for 
study  the  following  have  been  selected  :  "The  I^^ffect  of  Chemically 
Acting  Rays  on  Chlorine,"  "  The  Effect  of  Chemically  Acting 
Rays  on  Nitrogen,"  *'  The  Effect  of  Chemically  Acting  Rays  on 
Nicotine,"  and  *'  The  Effect  of  Chemically  Acting  Rays  on  the 
Hydrogenation  of  Oleic  Acid." 

THE    EFFECT    OF    CHEMICALLY    ACTING    RAYS    ON    CHLORINE. 

In  his  dissertation  on  the  conservation  of  energy,  Helmholtz  * 
classified  the  chemical  actions  of  light  as  those  "  by  which  the 
light  only  gave  the  impulse  to  the  activity  of  the  chemical  change 
analogous  to  substances  which  act  catalytically,"  the  rate  of  re- 
action being  accelerated  or  retarded  by  light;  and,  second.  "  those 
where  the  chemical  change  is  opposed,"  the  radiant  energy  being 
converted  into  chemical  energy.  The  reactions  here  are  reversi- 
ble, and  it  is  a  W' ell-known  fact  that  the  rate  of  reaction  in  the 
formation  of  certain  chlorine  compounds  is  accelerated  by  the 
action  of  light. 

As  examples  of  this  phenomenon  may  be  cited,  first;  the  com- 
bination of  chlorine  and  hydrogen.  That  light  was  a  factor  of 
prime  importance  in  bringing  about  this  reaction  was  demon- 
strated according  to  Burgess  and  Chapman  ^  and  Mellor  ^  by 
William  Cruickshank  in  1801.' 

The  w^ork  of  Gay  Lussac  and  Thenard,^  Seebach,^  and  Dal- 
ton,^*^  w^ho  studied  particularly  the  explosive  combination  of  these 
gases  under  the  influence  of  light,  confirmed  the  phenomena.  The 
question  was  next  discussed  by  Draper, ^^  whose  researches  were 
quantitative.    He  was  able  to  establish  the  fact  that  the  so-called 

*"Ueber  die  Erhaltung  der  Kraft,"  1847,  p.  25  (see  Ostwald's  Klassiker, 
No.  i). 

V.  Chem.  Soc.  Trans.,  89,  I399"i439   (1906). 

^  Ihid.,  79,  216-238  (1901). 

^Nicholson's  Journal,  5   (i),  202   (1801). 

Wlem.  Phys.  Chim.  Soc.  d'Arcueil,  2,  340  (1809)  ;  Gilbert's  Ann.,  35,  8 
(1810). 

*  Seebach,  1910;  Goethe,  Farbenlehre  fr.  Weigert  {Samm.  Chem.  und 
Chem.  Tech.  Vortrage,  17,  183   (1911). 

""A  New  System  of  Chemical  Philosophy,"  2,  189  (181 1). 

"P/it7.  Mag.,  23.  401  (1843);  25  (3),  9  (1844);  26  (3),  473  (1845); 
27,  327   (1845);  "Draper's  Collected  Memoirs,"  1878. 
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absorption  law,'-  which  afterwards  bore  his  name,  probably  be- 
cause oi  his  having-  given  it  prominence  in  chemical  literature, 
though  previously  announced  by  (jrothuss  ^^  and  now  modified 
by  Bancroft,  applies  in  this  phenomenon.  He  stated  that  the 
property  of  chlorine  to  combine  with  hydrogen  after  exposure 
to  light  was  permanent,  the  rays  so  absorbed  becoming  latent  and 
the  effect  lasting  an  unknown  time. 

JJodenstein  and  Taylor  '  *  have  recently  conducted  experi- 
ments to  ascertain  how  long  the  activity  produced  by  illuminating 
chlorine  persists,  and  found  that  it  lost  its  activity  in  1/1600 
second. 

They  are  of  the  opinion  that  statements  in  the  literature  rela- 
tive to  the  existence  of  active  chlorine  for  considerable  periods 
are  based  on  experiments  carried  out  with  impure  gases,  the 
action  observed  in  these  cases  being  due  in  reality  to  some  entirely 
different  cause. 

Very  extensive  work  on  the  combination  of  hydrogen  and 
chlorine  in  the  presence  of  light  was  carried  on  by  Bunsen  and 
Roscoe.^^  These  investigators  studied  the  application  of  the 
optical  laws  for  the  chemically  acting  rays  and  found  that  the 
distance  law  and  the  reflection  laws  and  Beer's  absorption  law^^ 
were  valid  for  the  reaction  taking  place  between  chlorine  and 
hydrogen  in  the  presence  of  light.  Webster  ^"  found  that  certain 
of  the  wide  bands  in  the  visible  spectrum  of  chlorine  do  not 
obey  the  Beer's  law.  It  has  been  pointed  out  that  these  results 
are  not  in  accord  with  the  theory  of  Helmholtz,  which  assumes 
a  viscous  resistance  to  the  motion  of  a  vibrating  electron. 

Cruickshank  ^®  has  noticed  that  the  reaction  was  not  immedi- 
ate. Bunsen  and  Roscoe  showed  that  it§  velocity  increased  with 
time  to  a  maximum,  which  then  remained  constant  till  the  reac- 

"See  Draper,  Phil.  Mag.,  9,  195   (1841). 

''Ostwald's  Klass.,  No.  152,  loi ;  cf.  Slater,  Phil.  Mag.,  5,  678  (1853); 
Goldberg,  Z.  wiss.  Phot.,  4,  99  (1906). 

"Z.  Elektrochem.,  22,  202-206  (1916). 

^^Pogg.  Ann.,  96,  373-394  (1855);  100,  43-88  (1857);  loi,  235-263 
(1857);  108,  193-273  (1859);  Ostwald's  Klass.,  Nos.  34  and  38;  Trans. 
Royal  Sac.   Lond.,   381    (1887);   Phil.    Trans.,    146,   355    (1857);    146,   601 

(1857);  148,  879  (1859). 

"Beer,  Pogg.  Ann.,  86,  76  (1852).  See  Webster,  Phys.  Rev.,  4,  i77 
(1914)  ;  cf.  Stark,  Physik.,  9,  892   (1908). 

^"^  Phys.  Rev.,  4.  i77-i94  (iQU)- 

"Loc.  cit. 
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tion  was  complete.  They  termed  this  lime  of  delayed  action 
"  the  period  of  induction."  'This  su-called  "  period  of  Induc- 
tion "  has  been  the  subject  of  much  discussion,  though  the  theory 
relative  to  it  which  is  accepted  most  generally  at  present  is  that 
of  Van't  Hoff,  who  considers  that  the  period  of  induction  is  not 
a  real  and  genuine  characteristic  of  a  simple  chemical  change, 
but  that  its  existence  is  merely  an  indication  that  some  necessary 
precaution  has  been  omitted.^'* 

Another  phenomenon  noticed  in  connection  with  the  inter- 
action of  hydrogen  and  chlorine  in  the  presence  of  light  is  the 
so-called  "  Budde  efYect,"  *-"'  which  is  a  quick  expansion  of  chlorine 
brought  about  by  intensive  lighting  and  thought  to  be  independent 
of  any  heating  effect,  because  the  interposition  of  a  screen  of 
water  between  the  light  and  chlorine  has  no  effect  on  the  re- 
sults. Budde's  explanation  of  the  cause  of  reaction  between 
chlorine  and  hydrogen  in  the  presence  of  light  is  interesting,  be- 
cause it  is  one  of  the  early  suggestions  concerning  the  dissocia- 
tion of  gases.  The  following  is  quoted  from  the  work  of  Budde  :^^ 
"  Now  it  is  known  that  in  chlorine  through  insolation  there  is 
induced  a  higher  degree  of  chemical  activity.  This  fact  might 
be  accounted  for  in  two  ways :  ( i )  by  assuming  that  light  in- 
creases the  attraction  between  the  atoms  CI  of  chlorine  and  X  of 
the  respective  other  body;  (2)  by  assuming  that  light  tends  to 
resolve,  or  actually  does  resolve,  the  chlorine  molecule  into  its 
atoms.  Of  these  two  hypotheses,  the  former  does  not  appear 
very  probable,  the  less  so  as  in  the  action  of  light  on  silver 
chloride,  for  instance,  we  observe  a  direct  severing  of  connec- 
tion between  Ag  and  CI,  while  the  latter,  ^7  priori  at  least,  does 
not  provoke  any  o1)jections.  ...  I  assume  that  light  in 
general  diminishes  the  force  uniting  CI  wnth  CI,  and  that  occa- 
sionally through  the  cooperation  of  light  and  internal  motion 
(heat)  a  molecule,  CU,  is  actually  split  up  into  its  constituents, 
CI-  and  Cr."  Richardson  22  verified  the  work  of  Budde  and  de- 
scribes the  construction  of  a  continuous  recording  actinometer 
based  on  the  Budde  effect.  The  apparatus  consists  of  two  bulbs, 
one  filled  with  dry  air  and  the  other  with  chlorine,  the  bulbs 

"  Burgess  and  Chapman,  Chem.  Soc.  Land.  Trans.,  89,  I399-I434  (1906)  ; 
cf.  Mellor,  "Chemical  Statics  and  Dynamics,"  London   (1909). 
*' Budde.  Phil.  Mag.,  42   (4),  290-294   (1871). 
"Loc.  cit. 
"^Phil.  Mag.,  277-2S4   (1891). 
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l)cini(  connected  by  a  tube  containing  suli)huric  acid.  The  appara- 
tus is  suspended  from  the  beam  of  a  balance,  so  that  the  How  of 
sulphuric  acid  from  one  bulb  to  the  other  produces  a  movement 
of  the  ])eam  which  is  communicated  by  means  of  a  lever  to  a 
pen  and  is  recorded  on  a  rotary  drum.  1  le  eliminates  the  expan- 
sion due  to  heat  by  an  ingenious  arrangement.  These  observa- 
tions were  conhrmed  also  by  Recklinghausen  -'^  and  Mellor,-* 
who  used  moist  but  not  dry  chlorine.  Others  have  found,  how- 
ever, that  the  Budde  effect  and  the  Draper  effect — a  sudden  ex- 
pansion followed  by  a  return  to  original  volume  when  a  strong 
light  "  as  a  spark  from  a  Leyden  jar  is  momentarily  flashed  upon 
a  mixture  of  chlorine  and  hydrogen  " — though  confirmed  by 
Favre  and  Silberman,  and  Amato,^""  were  due  to  impurities  in  the 
gas,  and  the  effects  were  not  obtained  by  Baker  ^^  when  the  pure 
gas  w^as  used.  Shenstone,^'  like  Baker,  found  no  change  in  volume 
when  light  acted  on  pure  dry  chlorine.  Bevan  -^  showed  that 
activity  of  the  form  of  chlorine  reported  by  Bunsen  and  Roscoe 
w^as  attributable  to  the  presence  of  w^ater.  Pringsheim  ^^  ob- 
served that,  when  heated  and  dried,  gases  exploded  not  so  quickly 
as  moist  gases,  but  just  as  violently.  Dixon  and  Marker  as  early 
as  1889  ^^  pointed  out  that  the  more  carefully  the  mixture  of  gases 
W'as  dried  the  greater  w^as  the  intensity  of  light  required  to  cause 
detonation  in  hydrogen  chlorine  mixtures,  but  that  an  electric 
spark  always  caused  an  explosion  at  once,  no  matter  how  care- 
fully the  gases  were  dried.  These  experimenters  measured  the 
rate  of  propagation  of  the  detonation  w^ave  and  showed  it  to  be 
greater  in  dry  than  in  nroist  gases,  from  which  they  conclude  that 
moisture  retards  rather  than  accelerates  the  reaction.  This  phe- 
nomenon is  surprising  in  view  of  the  fact  that  there  are  innumer- 
able reactions  that  apparently  will  not  take  place  in  the  absence  of 
moisture.  As  early  as  1802,  Mrs.  Fulhame  ^^  called  attention  to 
the  necessity  of  moistening  gold  salts  before  reducing  them  with 

^^Z.  phys.  Chem.,  14,  494   (1894). 

''V.  Chem.  Soc,  1284  (1902). 

^Cf.  Mellor,  Loc.  cit. 

'"Brit.  Assoc.  Rept,  493   (1894). 

'V.  Chem.  Soc.  Trans.,  71,  471-488  (1907). 

^  Proc.  Roy.  Soc.,  72,  5   (1903). 

^  Ann.  Phys.  Chem.,  32,  422  (1887). 

^""Manchester's   Memoirs,"  3,   118    (1889);   4,   i    (1890). 

''Cf.  Thompson,  "A  System  of  Chemistry,"  2,  454  (1802). 
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hydrogen  or  by  "  phosphorated  ether."  A  short  while  hiter  llig- 
gens^-  observed  that  dry  hydrochloric  acid  did  not  act  on  cal- 
cium carbonate.  According  to  I'^igelow,''^  strictly  dry  silver  chlo- 
ride is  hardly  sensitive  to  light.  A  brief  risumc  of  the  early  re- 
ports on  these  phenomena  is  given  in  the  paper  of  Mellor  and 
Russell,^^  who  refer  to  Baker''"'  for  a  complete  hst  of  later 
works  on  the  phenomena. 

Fabre  and  Silbermann^^  sought  to  find  a  heat  change  in  illu- 
minated chlorine  absorbed  by  solution  of  potassium  hydroxide. 
They  reported  a  noticeable  difference  l^tween  the  action  of  illu- 
minated and  unilluminated  gas,  and  a  greater  amount  of  potas- 
sium chlorate  fonned  by  illuminated  chlorine.  These  results 
were  shown,  however,  to  be  false  by  Berthelot '''  and  Mellor.-*"^ 
Later  IMellor  ^^  showed  that  the  Budde  effect  was  due  to  the 
heating  action  of  the  absorbed  rays.  In  a  series  of  papers  on  the 
"  Union  of  Hydrogen  and  Chlorine  "  Mellor  *^  gives  a  review 
of  previous  work  on  many  dift'erent  phases  of  the  subject  and 
reports  personal  experiments.  To  follow^  these  interesting  re- 
searches would  carry  one  too  deeply  into  the  subject  for  the 
immediate  purposes  of  this  paper,  so  that  the  following  references 
are  added  as  an  aid  to  those  w^ho  are  particularly  interested  in 
this  reaction :  "^^ 

""Experiments  and  Observations  on  the  Atomic  Theory,"  1814;  cf. 
Mellor  and  Russell,  Loc.  cit. 

^  Loc.  cit.,  p.  368. 

^  Loc.  cit. 

^Joiirn.  Chem.  Soc.  Trans.,  64,  611    (1894). 

''  Ann.  Ch.  Ph.,  37,  497  (1853). 

^"^  Ann.  Chem.  Ph.,  5,  322   (1876). 

^V.  Chem.  Soc.,  London,  81,  1280   (1902). 

"^Loc.  cit. 

*"/.  Chem.  Soc.  Trans.,  yg,  216-238  (1901)  ;  81,  1292-1301    (1902). 

*^  Chapman  and  MacMahon,  *  The  Interaction  of  Hydrogen  and  Chlo- 
rine," ;.  Chem.  Soc,  95,  135-138;  959-9^4;  1717-1720  (1909);  97,  845-851 
(1910)  ;  Sirk,  "Hydrogen  and  Chlorine  in  Heating  and  Under  the  Influence 
of  Light,"  Z.  physik.  Chem.,  61,  545  (1908)  ;  Bodenstein  and  Dux,  "Photo- 
chemical Kinetics  of  Electrolytic  Chlorine-Hydrogen  Mixtures,"  Z.  physik. 
Chem.,  85,  297-328  (1913);  Physik.  Elektrochem.,  19,  836-856  (1913); 
Taylor,  "The  Interaction  of  Hydrogen  and  Chlorine  Under  the  Influence 
of  Alpha  Particles,"  /.  Am.  Chem.  Soc,  37,  24-38  (1915)  ;  Ibid.,  38,  280-285 
(1916).  Bodenstein,  Z.  angew.  Chem.,  28  (3),  621  (1915). 
Vol.  184,  No.  1103 — 44 
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I'irst,  tlic  clccoinpositiun  u(  hydrochloric  acid.'-' 

Sccond,  the  oxidation  of  hydro<^en  and  sulphur  dioxide  and 

decomposition  of  ozone  in  the  presence  of  chlorine  and  light. "^^ 
Third,  the  action  of  light  on  certain  chlorine  acids. "*■* 
Fourth,  the  decomposition  of  chlorine  water.' ' 
I'iftJi,  the  action  of  carbon  monoxide  on  chlorine  to   form 

phosgene."*" 

Sixth,   the   substitution   of    chlorine   in    organic   substances, 

of  which  the  following  are  among  the  noteworthy  : 

(o)  In  methane."  (/)  hi  methyl  ether." 

{b)  In  acetylene.**  (?«)  In   hydrocarbons    of    the    chain 

(c)  In  benzene/"  C  H^     and  C  H^    j.'" 

(d)  In  toluene.  oi)  In  acetic  acids.™ 

(e)  In  xylol."  (o)  In  cinnamic  acid." 

(/)    In  mesitylene."  (p)   In   oils,   fats,  rosins,  or  paraffin." 

(g)   In  acetylbenzol."  (q)   In  compounds  contained  in   natu- 
(h)  In  chlorbenzol."  ral  petroleums." 

(i)   In  tetra-butyl  benzene  and  (r)   In  compounds  contained  in  natu- 

orth-but\l  toluene.^  ral  gas."* 

(;')    In  sulphobenzid."  (s)   In  hydrocarbons.®' 
(i^)   In  alcohol." 

"Coehn  and  Wassuljewa,  Ber.,  42,  3183-3186  (1909);  Berthelot  and 
Gaudechon,  Compt.  rend.,  156,  889-892  (1913)  ;  Thiele,  Ber.,  140,  4914  (1907). 

"Weigert,  Ann.  Phys.,  24,  243-266  (1907). 

**  Pedler,  Proc.  Chem.  Soc,  79,  65-66  (1890). 

"Wittwer,  Pogg.  Ann.,  94,  597  (1853)  ;  Bunsen  and  Roscoe,  Pogg.  Ann., 
96,  373-374  (1855);  Wittwer,  Pogg.  Ann.,  95,  598  (1885);  86,  281  (1862); 
Billitzer,  Jahrb.  Phot.,  82-88  (1907)  ;  cf.  also  Kummell,  Z.  Elektrochem.,  17, 
409-412  (1911)  ;  Proc.  Chem.  Soc.,  79,  65-66  (1890);  Benrath  and  Tuchel, 
Z.  wiss.  Phot.,  13,  383-398   (1914)  ;  Milauer,  Z.  physik.  Chem.,  86,  564-566 

(1914)  ;  Dawson,  Z.  zviss.  Phot.,  14,  213-215  (1914)  ;  Benrath,  Ibid.,  14,  238 

(1915)  ;  Stobbe,  Z.  Ann.  Chem.,  21,  388  (1908). 

*®  Chapman  and  Gee,  /.  Chem.  Soc,  99,  1726-1739  (1911)  ;  Proceedings, 
27,  232-234;  Davy,  Phil.  Trans.,  144  (1812);  Cordier,  Monatsch.,  21,  660 
(1900)  ;  Dyson  and  Harden,  /.  Chem.  Soc.  Trans.,  83,  291  (1903)  ;  Wilder- 
man,  Z.  phys.  Chem.,  42,  257  (1903)  ;  Weigert,  Ann.  Phys.,  24,  55-57  (1907)  ; 
24.  243-266   (1907).     Cohen  and  Becker,  Ber.,  43,  130-133   (1910). 

*^  Hofmann,  Lieb.  Ann.,  102 ;  Baskerville,  /.  Ind.  Eng.  Chem.,  4,  216 
(1912)  ;  Baskerville  and  Riedever,  /.  Ind.  Eng.  Chem.,  5,  5-8  (1913)  ;  see 
also  Proc.  8th  Inter.  Congress  Applied  Chemistry;  Philips,  Amer.  Chem. 
lour.,  16,  362:  Walter.  German  Patent  222,919,  November  5,  1909. 

**U.   S.  Patent  908.051,  December  29,  1908. 

*'  Faraday,  Ann.  Chem.  Phys.,  30,  274 ;  Mitscheruch,  Pogg.  Ann.  Phys. 
mid  Chem.,  35  (5),  370-374  (i835)  ;  Slater,  Z.  phys.  Chem.,  45,  5  (1903); 
Ibid.,  45,  540  (1903);  Bancroft,  /.  Phys.  Chem.,  12,  4  (1908);  Luther  and 
Goldberg,  Z.  phys.  Chem.,  56,  43-56  (1906). 
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It  was  thoughl  that  a  study  of  the  formation  of  certain  com- 
pounds of  chlorine  in  the  presence  of  artificial  li^lu,  known  to  be 
accelerated  by  sunlight,  would  be  of  value.  Chloracetic  acid  was 
the  I'lrst  compound  selected. 

CHLORINATION   OF   ACETIC   ACID. 

Chloracetic  acid  was  discovered  by  J3umas  ""  in  1839.  After 
fillino-  tlasks  with  chlorine  gas  he  added  not  more  than  nine  deci-* 
grammes  of  crystallized  acetic  acid  to  each  litre  of  chlorine  gas. 
He  stoppered  the  llasks  and  placed  them  so  that  they  were 
exjx)sed  to  the  direct  rays  of  the  sun  for  a  whole  day.  At  the 
end  of  this  time  he  found  that  a  substance  had  been  formed  which 
had  crystallized  from  the  residue  contained  in  several  of  the  flasks 
and  which  by  examination  he  proved  to  be  a  true  chlorine  sub- 
stitution product  of  acetic  acid. 

It  has  been  found  that  several  substances,  such  as  phosphorus 
and  sulphur,  greatly  accelerate  this  reaction.  A  laljoratory 
method  for  the  preparation  of  chloracetic  acid  is  given  in  Gatter- 

■"  Shramm,  Ber.,  18,  606  (1885)  ;  Cohen,  Dawson  and  Crosland,  /.  Chem. 
Soc.  87,  1034-1037  (1905)  ;  Luther  and  Goldberg,  Z.  phys.  Chem.,  56,  43-56 
(1906)  ;  Schkiederberg,  /.  Phys.  Chem.,  12,  574-631  (1908)  ;  Bancroft,  /.  Phys. 
Chem.,  12,  420  (1908)  ;  Cohen,  Dawson,  Blackey  and  Woodmansey,  /.  Chem. 
Soc,  97,  1623-1636  (1910). 

"Luther  and  Goldberg,  Z.  phys.  Chem.,  56,  43-56  (1906). 

°^  Zadziewanowski  and  Schram,  Ber.  Krakauer  Akad.  d.  Wiss.,  61  (1898). 

"  Zadziewanowski  and  Schram,  Ber.  Krakauer  .4kad.  d.  Wiss.,  6i  (1898). 

"  Jungfleisch,  Z.  Chem.,  486  (1868). 

*"  Salivill,   Bull,   intern,  acad.   sci.,   Cracome  A,   606-608    (1910). 

^^  Matthews,  /.  Chem.  Soc.,  61,  108. 

"Schmidt,  /.  Pract.  Chem.  (2),  19,  393. 

"^  Cahour,  Compt.  rend.,  23,  1070  (1846). 

''^Romer,  Lieh.  Ann.,  233,  172. 

®°  Dumas,  Lieb.  Ann.  der  Chem.,  32,  loi  (1839);  /.  Pract.  Chem.,  17, 
202 ;  Luther  and  Goldberg,  loc.  cit. 

"  Nazarov,  /.  Russ.  Phys.  Chem.  Soc,  47,  943~955  (1915)- 

"Buchner,  U.   S.   Patent    1,129,165,   February   23,    1915. 

"^Tolloczko  and  Kling,  Abhandl.  Krakauer  Akad.  Wisseusch.,  52.  295- 
306;  Ihid.,  307-316. 

^  Baskerville  and  Riedever,  Proc  8th  Inter.  Cong.  Applied  Chem.;  see 
also  Baskerville,  /.  Ind.  Eng.  Chem.,  216  (1912)  ;  Phillips,  Ann.  Chem.  Jour., 
16,  362. 

"DuPont  Nemours  Powder  Co..  French  Patent  453.406,  January  21. 
1913;   Sparre  and  Masland,  U.  S.   Patent  1,148.259   (1915). 

^  Liehig's  Ann.  der  Chemie.  32,  loi    (1839). 
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man's  "Practical  Methods  of  Organic  Chemistry."'''  It  has 
been  found  by  experience  that  if  the  experiment  there  described 
is  carried  out  with  the  apparatus  placed  in  the  direct  rays  of  the 
sun  for  a  full  summer's  day  eighty  grammes  of  chloracetic  acid 
is  obtained  from  one  hundred  grammes  of  original  acetic  acid. 
The  yield  is  dependent  upon  the  amount  of  sunlight  and  its 
intensity. 

It  is  interesting  to  note,  in  passing,  that  Fay  ^^  found  that 
acetic,  propionic,  and  isobutyric  acids  were  decomposed  into  hy- 
drocarbons corresponding  to  the  acids  and  carbon  dioxide  when 
acted  on  by  light  in  the  presence  of  uranium  salts. 

"In  a  letter  to  Goethe  in  181 1,  Seebech  intimated  that  a 
mixture  of  hydrogen  and  chlorine  gases  contained  in  a  clear  glass 
vessel  detonated  in  the  sunshine,  whilst  under  dark-blue  glass 
combination  occurred  without  explosion  in  one  minute,  and  under 
a  dark-red  glass  the  action  took  place  very  slowly  or  not  at  all."  ^^ 

Bunsen  and  Roscoe  "^^  showed  by  chlorine-hydrogen  mixture 
that  several  bands  in  the  spectrum  produced  maximum  effects. 
They  found,  further,  that  the  action  diminished  toward  the  red 
end  of  the  spectrum,  and  regularly  decreased  in  proportion  to  the 
distance  of  the  band  from  the  ultraviolet  end. 

Morren'^  and  Gernez  "^^  showed  that  in  chlorine-filtered 
light  no  blue  rays  are  present ;  and,  as  only  those  rays  which  are 
absorbed  are  active,  this  would  indicate  that  the  blue  light  would 
be  the  light  which  caused  the  reaction. 

Schramm  '^  obtained  analogous  results  to  those  obtained  by 
Bunsen  and  Roscoe  in  the  action  of  light  on  bromine  and  toluene 
and  ethyl  benzol,  etc. 

Eder,"^^  in  his  summary  of  observations  on  the  ''  Chemical 
Action  of  the  Solar  Spectrum,"  points  out  that  light  of  every 
color,  from  the  ultraviolet  to  the  infra-red,  can  cause  chemical 
action.  He  calls  attention  to  the  fact  that  each  color  can  have  an 
oxidizing  or  reducing  effect,  dependent  on  the  nature  of  the  light- 

''Page  139   (1909). 

"^Am.  Chem.  Jour.,  18,  269-289    (1896). 

""Mellor,  loc.  cit. 

""^  Pogg.  Ann.,  108,  270  (1859). 

''^Compt.  rend.,  376  (1869). 

"  Compt.  rend.,  660  (1872). 

''^  Monatschafte,  300   (1889). 

""Handbuch  der  Photographi'e,"  Ed.  2,   i,   180   (1892). 
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sensitive  substance,  lie,  however,  generalizes  the  oxichition  and 
reduction  elYects  of  different  wave-lengths  by  saving  that  red 
light  usually  has  a  reducing  effect,  lie  cites,  as  an  example  of 
reducing  action  by  red  light  on  metallic  comixmnds,  the  use  of 
sliver  salts  in  the  photography  of  spectra,  lie  also  points  out 
that  blue  and  violet  lights  have  the  most  effect  on  compounds 
of  the  metalloids,  giving  as  an  example  hydrogen  and  chlorine 
mixtures. 

In  the  report  of  their  experiments  in  C(jnneclion  with  work 
in  the  substitution  products  of  chlorine  and  natural  gas,  Basker- 
ville  and  Riedever'^  found  that  blue  light  from  a  projection 
lantern  was  the  most  effective  light  obtainable  for  the  purpose, 
and,  as  the  laboratory  method  for  preparing  chloracetic  acid, 
referred  to  above,  had  been  successfully  carried  out  in  glass  ap- 
paratus, thus  excluding  the  ultraviolet  light,  it  was  thought  ad- 
visable to  attempt  to  make  chloracetic  acid,  using  light  from  a 
projection  lantern.     This  will  be  referred  to  later. 

Since  the  classical  work  of  Hertz,*^^  in  conclusion  of  which 
he  says : 

"  We  have  represented  the  phenomena  investigated 
by  us  as  rays  of  electric  force.  W^e  may,  in  conclu- 
sion, regard  them  as  light  rays  of  very  great  wave- 
length. To  me  at  least  the  experiments  described  seem 
eminently  fitted  to  remove  all  doubt  as  to  the  identity 
of  light,  radiant  heat,  and  electrodynamic  wave-mo- 
tion. I  believe  that  we  shall  now  with  more  confidence 
avail  ourselves  of  the  advantages  \vhich  the  assumption 
of  this  identity  offers,  both  in  the  domain  of  optics  and 
electricity," 

one  may  accept  as  a  w^orking  hypothesis  that  the  forms  of  radi- 
ant energy,  radiant  heat,  light,  and  electricity,  are  similar  in  all 
essential  respects  excepting  wave-length.  Different  effects  are 
produced  by  different  wave-lengths.  All  experimental  work 
tends  to  prove  that  radiant  energy  is  due  to  electrons  in  motion, 
and  it  is  important  to  keep  in  mind  that  when  radiant  energy 
impinges  on  an  object  it  may  be  partly  or  totally  reflected,  in 

"Loc.  cit. 

""On  Rays  of  Electric  Force."  Phil.  Mag.,  27,  289-298  (1889)  (trans- 
lated from  Sitzungsh.  der  Akad.  der  Wiss.  Berlin,  December  13,  1888). 
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pari  or  lolally  absorbed,  in  part  or  totally  converted  into  other 
fomis  uf  energy,  or  may  partly  or  entirely  pass  through  unaltered. 

That  light  exerts  pressure  has  been  definitely  proved.'^  This 
pressure  is  an  entirely  negligible  (juantily  in  all  our  measurements, 
but  on  exceedingly  small,  light  objects — for  instance,  molecules 
of  a  highly  rarefied  gas — it  may  not  be  negligible.'^® 

Bragg''-'  points  out  that  if  we  reason  from  the  ideas  of 
Planck,  Einstein,  and  others  we  are  led  to  the  thought  that  light 
energy  is  in  separate  quanta,  the  shorter  the  wave-length,  the 
more  energy  in  the  quanta.  He  discusses  the  question  as  still 
open,  there  being  '*  still  something  in  the  corpuscular  theory  of 
light,"  ®^  as  light  resembles  so  closely  the  X-rays,  which  have 
much  evidence  to  show  them  to  be  due  to  corpuscles.  He  points 
out  that  Huyghens's  other  theory  was  accepted  because  (i )  it  was 
not  believed  that  matter  could  travel  with  the  velocity  of  light, 
but  now  it  has  been  demonstrated  that  the  alpha  particles  which 
are  conceded  to  be  material  move  with  about  the  same  velocity, 
and  (2)  it  was  believed  that  streams  of  matter  could  not  inter- 
penetrate each  other,  and  now  it  has  been  demonstrated  that 
streams  can  pass  each  other  and  that  no  matter  is  impenetrable. 
Huyghens's  wave-front,  however,  still  explains  reflection  and 
refraction. 

Bigelow  ®^  paraphrases  a  famous  statement  of  Kekule  as 
follows : 

''  Whether  radiant  energy  be  electrons  or  not,  this 
much  is  certain,  that,  granting  it  to  be  electrons,  it 
would  appear  as  it 'now  does." 

Smiths  and  Aten  ^^  made  a  systematic  study  of  the  similarity 
between  the  action  of  light  and  the  silent  electric  discharge  in 
the  formation  and  decomposition  of  a  number  of  hydrogen  com- 
pounds, including  hydrochloric  acid.  When  light  was  employed 
the  gases  were  led  through  a  thin-walled  quartz  tube  which  was 

"Bigelow,  "Theoretical  and  Physical  Chemistry,"  p.  503  (1914)  ;  see 
also  Morris,  Sci.  Ass.  Sup.,  76,  18-19   (1913). 

'^Nature,  90,  558  (1913). 

"  Cf.  Arrhenius,  "  Das  Wenden  der  Welten." 

^°  See  also  Thompson,  Proc.  Camb.  Phil.  Soc,  14,  417,  on  the  "Ionization 
of  Cases  by  Ultraviolet  Light,"  and  on  the  evidence  as  to  the  structure  of 
light  afforded  by  its  electrical  effects. 

*^ "  Theoretical  and   Physical  Chemistry,"  New  York,   1914,  p.  502. 

*^Z.  Elektrochem.,  16,  264-267  (1910). 
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exposed  to  ihe  rays  from  a  quartz  mercury  lamp.  For  study  of 
the  effect  of  a  silent  electric  discharge  an  ordinary  ozonizer  was 
used,  tile  current  for  which  was  supplied  by  an  induction  coil  and 
condensers  capable  of  giving  a  one-centimetre  spark.  They 
found  that  when  water  was  present  in  the  gases  the  silent  electric 
discharge  uniformly  produced  combination  or  decomi)osition  in 
all  the  cases  tried ;  with  light  the  reactions  were  not  so  uni- 
versally proved.  When  the  materials  were  dry  it  was  found  that 
the  reactions  were  often  not  obtained  on  repeated  trials,  but 
later  very  decided  reactions  were  evident. 

These  results  show  a  similarity  in  the  action  of  light  and 
silent  electric  discharge  in  nearly  all  the  cases  tried.  These  writers 
point  out  that  a  failure  by  them  to  decompose  the  water  by  the 
light  or  electric  discharge  was  not  surprising  l>ecause  of  the  high 
temperature  necessary  for  the  dissociation  of  water.  In  this  con- 
nection it  may  be  mentioned  that  Thiele  ^^  has  shown  that  oxygen 
and  hydrogen  may  be  caused  to  unite  by  the  aid  of  ultraviolet 

light.  '      .  .     '  , 

The  discussion  of  Smiths  and  Aten  as  to  the  conditions  under 
which  the  reactions  take  place  is  very  interesting.  They  state 
that  if  light  or  electric  energ}-  is  added  to  a  system  which  is  in 
equilibrium  when  in  the  dark  or  is  in  thermochemical  equilibrium, 
and  the  system  is  sensitive  to  that  form  of  energy,  a  new  equilib- 
rium is  established  which  differs  from  the  old  in  that  it  is  thermo- 
chemically  metastable,  since  it  always  agrees  with  the  equilib- 
rium in  the  dark  but  not  with  the  electrochemical  equilibrium  of 
higher  temperatures.  They  discussed  different  photo-  and  elec- 
trochemical equilibriums,  and  the  photochemical  dissociation 
equilibrium  of  hydrogen  and  chlorine  was  predicted. 

The  hypothesis  of  Smiths  and  Aten  has  been  confirmed  by 
Coehn,^^  who  found  that  this  equilibrium  can  be  demonstrated 
so  conveniently  in  the  reaction  between  hydrogen  and  chlorine 
that  the  dissociation  of  hydrochloric  acid  by  light  can  be  demon- 
strated by  a  lecture  experiment. 

Smiths  and  Aten  ^^  state  that  one  of  them  published  a  series 
of  experiments^^  which  proved  the  above-mentioned  law  that 


^Ber.,  40,  4914  (1907). 
^Ber.,  42,  3183   (1909) 


^Z.  Elektrochew..  16,  264-267  (1910). 

^  Kouinkl    Akad.    von    U'ctcnschappcn    Amsterdam.    October    30.    1909, 
p.  386. 
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photo-  and  electrochemical  equilibriums  agree  with  purely  ther- 
mochemical  equilibrium  of  higher  temperature.**" 

They  call  attention  to  the  rise  in  jx)tenlial  between  electrodes 
at  the  ends  of  a  gas  column  when  the  column  is  acted  on  by  light. 
This  phenomenon  occurring  at  constant  temperature  would  fur- 
nish evidence  of  an  increase  of  the  inner  energy  of  the  molecule. 
Both  the  inner  and  outer  energy  of  the  molecule  would  increase 
with  the  temperature. 

Recognizing  that  the  inner  energy  is  the  principal  factor  of  a 
chemical  reaction,  they  base  their  hypothesis  on  the  fact  that  the 
absorption  of  electrical  energy  and  light  energy  even  at  ordinary 
temperatures  brings  about  equilibriums  which  are  also  found  by 
addition  of  heat  energy,  although  in  that  case  at  much  higher 
temperatures. 

They  point  out  that  this  hypothesis  leads  to  an  explanation 
of  the  enormous  velocity  of  reaction  caused  by  light  and  electricity 
because  the  photo-  and  electro-equilibrium  at  the  usual  tempera- 
ture agrees  with  thermic  equilibrium  of  much  higher  tempera- 
ture. They  also  give  the  conditions  under  which  the  law  of  mass 
action  is  applicable  to  photo-  and  electrochemical  equilibrium. 
They  say  that  it  is  applicable  when  the  energy  is  in  such  an 
amount  that  it  has  an  effect  without  any  apparent  diminution  of 
its  intensity;  i.e.,  when  the  system  is  homogeneous.  When,  how- 
ever, it  is  less  intense,  then  the  decrease  in  energy  is  plainly  ap- 
parent; the  condition  is  different  from  stratum  to  stratum,  and 
the  system  is  non-homogeneous  and  the  law  is  not  applicable. 

Berthelot  and  Gaudechon  ^^  performed  experiments  on  the 
dissociation  of  gaseous  compounds  by  light ;  the  compounds  used 
including  hydrochloric  acid,  hydrobromic  acid,  and  hydroiodic 
acid.  They  showed  that  in  photochemical  reactions  frequency  of 
vibration  plays  the  same  role  as  does  temperature  in  heat  re- 
actions, and  that  for  compounds  of  the  same  group  the  stability 
of  hydrogen  compounds  exposed  to  light  decreased  with  the  in- 
crease of  molecular  weight,  paralleling  the  thermal  phenomena. 
Where  only  a  very  elevated  temperature  caused  appreciable  dis- 
sociation, only  the  extreme  ultraviolet  rays  caused  similar  dis- 
sociation. This  very  general  statement  concerning  the  similarity 
in  action  of  temperature  and  frequency  of  vibration  must,  how- 

"  See  also  Berthelot,   loc.   cit. 
^^Compt.  rend.,  156,  889-892    (1913). 
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ever,  be  considered  carefully  so  that  one  will  not  Ix:  led  into 
reasoning  that  light  and  heat  action  are  identical,  which,  of  course, 
is  not  the  case. 

Goldberg**'**  pointed  out  that  the  temperature  coerticient  of  re- 
action velocities  of  all  light-sensitive  reactions  which  had  been 
observed  was  very  small. 

Xazarov  "'"  showed  by  experiment,  in  which  he  made  observa- 
tion on  the  effect  of  the  addition  of  chlorine  to  cinomonic  acid  in 
the  dark  and  in  the  light,  that  the  temperature  coefficient  of  photo- 
chemical reactions  is  approximately  such  as  was  to  be  exjKcted, 
since  photochemical  reactions  in  their  initial  stages  are  supposed 
to  be  independent  of  the  temperature.  This  is  indeed  a  most  in- 
teresting observation,  because  the  chemist  is  accustomed  to  con- 
sider that  no  chemical  change  proceeds  at  a  definite  rate,  regard- 
less of  temperature,  with  the  exception.  perhai)s.  of  those  taking 
place  in  the  radio-active  elements.  Keeping  always  in  mind  the 
fact  that  a  chemical  reaction  can  take  place  only  when  the  t([u'\- 
librium  between  energ}'  of  different  degrees  of  intensity  becomes 
unstable,  and  that  this  is  usually  brought  about  by  some  api)arently 
external  cause,  the  above  considerations  impress  one  with  the 
idea  that  the  action  of  light  in  producing  the  equilibrium  of 
energy  which  is  indicated  by  the  great  law  '*  that  the  energy  of 
the  universe  tends  toward  a  constant  "  is  a  greater  factor  than 
has  usually  been  recognized. 

Burgess  and  Chapman  ^^  have  demonstrated  In-  experiments 
on  hydrogen-chlorine  mixtures  that  chlorine  can  be  made  active 
by  heat  as  well  as  by  light.  They  note  the  curious  fact  that  the 
behavior  of  dilute  solutions  of  chlorine  differs  from  that  of 
more  concentrated  solutions  in  that  the  weak  solutions  gain  con- 
siderably in  acivity  on  simply  being  kept  in  the  dark  at  ordinary 
temperatures.  In  the  conclusion  of  their  paper  on  the  "  Inter- 
action of  Chlorine  and  Hydrogen  "  they  oft'er  the  following  sug- 
gestion to  explain  the  action  of  light  on  the  hydrogen-chlorine 
mixture : 

"  The  light  which  falls  on  the  moist  mixture  of  chlorine  and 
hydrogen  is  absorbed,  in  the  first  instance,  by  the  colored  com- 
ponent (namely,  the  chlorine),  and  after  it  is  absorbed  it  is  de- 

^  Z.  phys.  Chem..  41,  i. 

^  J.  Russ.  Phys.  Chem.  Soc.  47.  9A3-9SS   (iQiS)- 

"Loc.  cif. 
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graded  into  heat.  J)uriiig  the  process  of  degradation  the  energy 
passes  through  various  forms.  Now  it  is  conceivable  that  the 
distribution  of  the  various  kinds  of  vibration  of  which  the  de- 
grading energy  is  composed  will,  in  certain  cases,  depend  largely 
on  the  presence  in  the  system  of  even  small  quantities  of  foreign 
lx)dies.  A  difference  in  the  rate  of  chemical  change  might 
clearly  be  expected  as  a  result  of  a  marked  difference  in  the  char- 
acter of  the  energy  through  which  the  light  passes  as  it  is  trans- 
formed into  heat.  Whether  the  quality  of  the  energy  can  vary 
to  the  degree  required  by  this  hypothesis,  according  as  certain 
impurities  are  present  or  not,  and  whether  this  variation  can  be 
regarded  as  the  chief  determining  character  of  the  change,  is  at 
present  purely  a  matter  of  conjecture,  and  awaits  experimental 
confirmation." 

According  to  Lenard,^^  there  are  three  kinds  of  effects  pro- 
duced when  ultraviolet  light  acts  on  a  gas : 

1.  ''  The  gas  may  conduct  electricity,  owing  to  the  formation 
of  positive  and  negative  ions.^^ 

2.  "  Condensation  nuclei  may  be  formed  devoid  of  electric 
charge.^* 

3.  ''  Chemical  molecular  change  may  take  place ;  as,  for  ex- 
ample, the  action  of  ultraviolet  rays  on  oxygen  with  the  forma- 
tion of  ozone." 

All  of  these  reactions  are  due  to  the  action  of  the  periodic 
electric  forces  on  the  molecules  of  the  gas.  Therefore  this  classi- 
fication of  the  kinds  of  effect  produced  by  ultraviolet  light  may 
also  apply  to  effects  produced  by  radiant  heat,  light,  or  electricity. 

Thomson  ^^  has  showm  that  when  an  electric  current  passes 
through  chlorine,  chlorine  occurs  as  CI,  CU,  C1  +  4-,  CI +,  CI—; 
that  is,  neutral  atomic  chlorine,  neutral  molecular  chlorine,  atomic 

"'Lenard  and  Wolf,  Ann.  Phys.  Chem.,  3  (1899)  ;  Ann.  Phys.,  1  and  3 
(1900)  ;  see  also  Lenard  and  Ramsauer,  Trans.  Heidelberg  Acad.,  August  2, 
1910;  August  4,  191 1,  five  parts. 

^^  Thompson,  "  On  the  Ionization  of  Gases  by  Ultraviolet  Light,  etc.,"  Proc. 
Camh.  Phil.  Soc.,  14,  417;  Steubing,  "Ionization  of  Gases  by  Means  of 
Light"  (gives  summary  and  bibliography),  Jahrb.  Radioakt.  Elektron,  g, 
111-137. 

'^Cf.  Wilson,  Phil.  Trans.,  192  (1898):  198,  276  (1897);  Bevan,  Proc. 
Roy.  Soc.,  72,  5  (1903)  ;  Burgess  and  Chapman,  loc.  cit.;  Wigert,  Ann. 
Physik.,  24,  243-266  (1907)  ;  Saltmarsh,  Proc.  Phil.  Soc.  London,  27,  357- 
369  (1915). 

"^Thomson.  Chcm.  Xcus.  103,  265-265   (191 1). 
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chlorine  carrying  two  positive  charges,  atomic  chlorine  carrying 
one  positive  charge,  and  atomic  chlorine  carrying  one  negative 
charge. 

Townsend/"'  in  his  paper  on  "  IIk-  i-Jectrical  Properties  of 
Freshly  Manufactured  Gases,"  says  that  chlorine  prei);irc'(l  hy 
electrolysis  had  a  small  negative  charge,  and  that  the  charge  on 
hydrogen  varied  from  positive  at  lirst,  when  a  new  electrode  was 
used,  to  a  minus  charge  of  delinite  value  after  use.  An  old  elec- 
trode was  found  to  give  negatively  charged  hvdrogen. 

Shenstone,'-^'  after  an  experiment  in  which  he  attempted  to 
form  a  compound  similar  to  ozone,  concludes  ihat  highly  puri- 
fied chlorine  remains  almost  unaffected  hy  the  *'  ionization  dis- 
charge." 

Ludlam  ''*  conducted  a  series  of  experiments  to  show  the 
nature  of  the  action  of  ultraviolet  light  on  chlorine.  He  states 
in  his  conclusion  that  pure  chlorine  is  not  ionized  and  that  it  does 
not  form  condensation  nuclei,  and,  further,  that  chlorine  in  con- 
siderable quantities  destroys  the  ions  and  nuclei  otherwise  found 
in  the  air. 

Thompson  ^^  found  no  free-charged  ions  tO'  be  present  during 
the  combination  of  hydrogen  and  chlorine  under  the  influence 
of  light,  and.  further,  that  artificial  production  of  free  ions  (i.e., 
by  Rontgen  rays  and  radiation  from  thorium  in  the  mixed  gases) 
did  not  affect  the  rate  of  their  combination.  It  may  be  men- 
tioned, in  passing,  that  probably  the  credit  of  being  the  first  to 
find  quantitative  evidence  to  support  the  idea  that  a  close  rela- 
tionship exists  between  ionization  of  a  gas  and  chemical  reactions 
induced  in  it  by  radio-active  influence  should  be  given  to  Lind.^'^^ 

An  interesting  theory  of  photochemical  reaction  velocities  has 
been  advanced  by  Bodenstein.^"^  He  regards  the  initial  absorp- 
tion process  in  any  photochemical  change  as  a  photo-electric  ef- 
fect. The  molecule  is  ruptured  at  the  expense  of  the  absorbed 
light  energy  into  a  positive  radical — an  atom,  or,  with  more  com- 
plex substances,  a  molecule,  wnth  a  free  valence  and  a  free  elec- 

''Pro.   Cambr.  Phil.  Soc,  9.   345-3/1    (1897X   and  Phil.  Mag.,  AS.   125 
(1898). 

*'/.  Chem.  Soc.  Tran.,  Loudon.  71.  486  (1897). 

''Phil.  Mag.,  23,  757-77^  (1912). 

"^  Thompson,  Proc.  Camb.  Phil.  Soc.  11.  90-91   (1901). 

'""Lind,  /.  Phys.  Chem..  16.  564  (1912). 

'"' Bodenstein,  Z.  physik.  Chew.,  85,  330  (1913)- 
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troll,  lie  believes  that  both  p(jrtions  may  lead  to  chemical  re- 
action, the  positive  radicals  because  they  are  chemically  exceed- 
iiii;]}'  active,  and  the  electrons  because  they  may  attach  them- 
selves to  molecules  and  so  activate  them  that  they  take  part  in 
the  chemical  change.  I'odenstein  classifies  light  reactions  into 
primary  lij^ht  reactions,  in  which  the  positive  radicals  enter  into 
the  combination,  and  secondary  li<^ht  reactions  in  which  the  mole- 
cules activated  by  the  electrons  take  part  in  the  reaction;  the 
electrons,  after  the  reaction  has  occurred,  being  again  free  to 
attach  themselves  to  and  activate  other  molecules. 

Commenting  on  this  theory  of  Bodenstein's,  Taylor^^^  points 
out  its  application  to  all  such  chemical  reactions  that  are  effected 
under  the  influence  of  other  forms  of  energy,  provided  that  under 
such  influence  the  rupture  of  the  molecule  with  the  formation  of 
free  electrons  may  be  postulated.  He  later  states  that  "  the  hy- 
pothesis originally  put  forward  by  Bodenstein  to  account  for  the 
kinetics  of  the  photochemical  reaction  covers  equally  well  the 
facts  obtained  from  this  radio-active  study." 

Taylor,  following  closely  the  ideas  of  Bodenstein,  outlines  the 
processes  which  are  supposed  to  take  place  when  an  alpha  par- 
ticle passes  through  a  mixture  of  hydrogen  and  chlorine.  In  this 
outline  he  assumes  ionization  and  decomposition  of  the  chlorine 
molecule  into  positively  charged  radicals  and  electrons. 

Ludlam  ^^^  shows  that  chlorine  does  not  easily  lose  electrons, 
and  says  that  this  is  what  might  be  expected  because  of  its 
electronegative  character ;  affinity  for  negative  electricity  being  a 
characteristic  of  electronegative  elements.  He  considers  hydro- 
gen as  being  on  the  borderland,  taking  its  position  among  the  noble 
metals,  by  nature  of  its  electrochemical  properties.  It  is,  how- 
ever, more  distinctly  positive  than  copper,  even  at  atmospheric 
pressure.  Ludlam  offers  as  an  explanation  of  the  action  between 
h3^drogen  and  chlorine  the  possibility  that  an  atom  of  hydrogen 
under  the  influence  of  light  emits  an  electron,  which  immediately 
attaches  itself  to  an  atom  of  chlorine,  chemical  combination 
taking  place.  In  considering  this  theory  it  must  be  kept  in  mind 
that  there  is  much  evidence  to  show  that  a  reaction  takes  place 
w^hen  the  chlorine  alone  is  acted  on  by  light  and  subsequently  led 
into  the  presence  of  hydrogen.     Lenard  and  Ramsauer  ^^^  sug- 

^''Loc.  cit.  ' 

"'Loc.  cit. 

^''Loc.cit 
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gcst  that  the  light  sphts  up  the  chlorine  molecules  into  two  neutral 
atoms.  It  was  pointed  out  that  traces  of  fi)reij^m  matter  apjK-ar 
necessary  lor  the  ionization  of  gases  and  for  their  chemical  com- 
bination, and  yet  actual  liberation  of  electrons  for  a  measurable 
period  of  time  does  not  appear  to  be  a  precursor  of  gaseous 
combination. 

\>rnon  ^''^  found  that  the  silent  electric  discharge  brought 
about  a  slight  increase  in  volume  in  chlorine  or  a  mixture  of 
chlorine  and  bromine,  which  was  accounted  for  by  the  heat  ef- 
fect on  the  gas. 

Kellner,  in  the  same  year  (1891),  took  out  a  patent, ^*'*^  in 
which  he  claimed  to  increase  the  bleaching  power  of  chlorine  by 
means  of  an  electric  discharge.  For  this  purpose  Barmemores 
has  taken  out  a  patent  ^^'"  in  which  he  descril^es  an  apparatus  for 
applying  the  principle  of  increasing  the  bleaching  action  of  chlo- 
rine by  the  same  means. 

Kellner,^  ^^  in  a  paper,  '*  On  the  Conduct  of  Bromine  Under 
the  Influence  of  a  High-frequency  Discharge,"  reports  finding  a 
decided  change  in  bromine,  and  states  without  elaboration  that 
chlorine  under  the  action  of  an  electric  discharge  showed  proper- 
ties different  from  the  ordinary  chlorine,  and  that  it  combined 
in  the  dark  with  acetic  acid. 

According  to  Alellor,^'^'^  chlorine  acted  on  by  light  first  and 
then  passed  into  hydrogen  does  not  form  hydrochloric  acid, 
^lellor  and  RusselP^^  carefully  prepared  pure  dry  chlorine  and 
reported  experiments  on  its  action  on  hydrogen  in  the  presence 
of  an  electric  spark,  heat,  and  sunlight.  They  conclude,  from 
their  results,  that  the  electric  spark  causes  explosion  in  either 
moist  or  dry  chlorine-hydrogen  mixture,  and  because  the  com- 
bination was  found  to  be  complete  they  conclude  that  the  action 
was  propagated  through  the  whole  mass.  Neither  heat  nor  sun- 
light caused  explosion  in  the  dried  gas  combination;  when  com- 
bustion occurred  at  all  it  occurred  slowly  and  incompletely,  and 
w^as  not  transmitted  through  the  whole  of  the  gas,  as  in  the  case 
where  the  electric  discharge  was  used. 

'""Chem.  News,  63,  67  (1891). 

'"*  E.  P.  22,438,  December  23,  1891 ;  D.  F.  R.  67,980,  February  5.  1892. 

^**^Ost.  P.  11,180,  October  15,  1902. 

'°'Z.  Elektrochem.,  8,  500-504  (1902). 

'""Loc.  cit. 

"V.  Chem.  Soc.  Tran.,  81,  1272-1280  (1902). 
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IJriiHT  and  Dnrand'"  foiiiid  that  there  was  no  polymeric 
variety  ol  chlorine  formed  when  chlorine  was  acted  on  by  the 
electric  discharges.  They  express  the  opinion  that  the  observa- 
tions of  Kellner,  who  reported  an  active  form  of  chlorine,  were 
probably  erroneous;  the  active  form  "being  in  reality  attribu- 
table to  the  formation  of  ozone  (;r  oxides  of  chlorine  in  the  im- 
pure chlorine  used  by  Kellner." 

KummelP^^  states  that  there  is  no  molecular  change  when 
chlorine  is  acted  on  by  light,  and,  after  referring  to  previous 
work  on  the  subject,^  ^^  proceeds  with  experiments  showing  that 
dry  chlorine  acted  as  did  nitrogen,  hydrogen,  carbon  monoxide, 
and  oxygen,  though  moist  chlorine  showed  an  apparent  ionization 
in  the  dark,  which  was  greatly  accelerated  by  light.  Kummell 
showed  that  this  was  due  to  the  formation  of  hydrochloric  acid 
from  water  and  chlorine.  A  rapid  discharge  of  the  electro- 
scope used  to  measure  the  charge  was  obtained  when  the  hydro- 
chloric acid  content  was  increased,  but  no  discharge  resulted 
when  20  to  40  per  cent,  of  oxygen  was  mixed  with  moist  chlo- 
rine, in  order  if  possible  to  bring  about  a  reversal  of  the  reaction. 

Le  Blanc  and  Valmer,^^*  in  answer  to  the  question,  ''  Does 
ionization  of  chlorine  '  knall  gas  '  commence  on  exposure  tO' 
light?"  found  no  such  ionization,  and  they  suggest  that  the 
values  found  by  Kummell  were  the  result  of  defective  insulation. 
They  found,  however,  that  Rontgen  rays  caused  a  chemical 
reaction  to  take  place. 

It  may  also  be  noted  that  Melander,^^^  in  reporting  their 
researches  on  the  rate  of  reaction  between  chlorine  and  hydro- 
gen when  heated,  stated  that  chlorine  heated  previous  to  the 
reaction  with  hydrogen  gave  no  evidence  of  increased  activity. 
They  noted  that  the  reaction  was  bimolecular  and  increased  by 
addition  of  sulphur  dioxide  or  sulphuric  acid. 

{To  be  continued.) 

'"Z.  Elektrochem.,  14,  706-707    (1908). 

"^Z.  Elektrochem.,  17,  409-412  (1911). 

^"Wobig  and  Kummell,  Z.  Elektrochem.,  1$,  252-254  (1909);  Budde, 
Ber.,  459  (1871)  ;  Melloni,  Jahresber.  d.  Chem.,  180  (1871),  and  Pringsheim, 
Ann.  d.  Physik.  und  Chem.,  N.  F.  32,  384  (1887). 

"*Z.  Elektrochem.,  20,  494,  497  (1914). 

^^  Archiv.  Kemi.  Min.  Geol,  5,  22  (1914)- 
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In  Open-hearth  Fraetiee. — In  acid  open-hearth  work  the  same 
general  procedure  is  followed,  except  that  the  ladle  should  be 
held  longer,  usually  about  five  to  ten  minutes,  in  order  that  the 
impurities  scavenged  out  by  the  titanium  may  have  time  to  pass 
out  into  the  slag.  There  appears  to  be  no  reason  for  this  other 
than  the  experience  of  practical  operators.  In  case  the  titanium 
alloy  is  added  in  the  furnace,  great  care  must  be  observed  to 
prevent  its  contact  with  the  slag,  and  it  should  be  as  quickly  and 
as  thoroughly  rabbled  into  the  bath  as  possible.  The  steel  should 
be  tapped  at  once,  as  delay  will  but  undo  the  work  already  per- 
formed by  the  alloy.  In  basic  open-hearth  practice,  usually  it 
appears  expedient  to  add  about  j-^  per  cent,  of  the  ferro-man- 
ganese  in  the  furnace  and  the  rest  in  the  ladle  with  the  ferro- 
silicon.  The  addition  of  these  ferro-alloys  to  the  ladle  should 
be  rapidly  followed  with  the  titanium  alloy  addition,  observing 
the  precautions  already  stated  for  keeping  it  from  contact  with 
the  slag.  Charles  V.  Slocum  urges  that  the  titanium  alloy  should 
not  be  pre-heated  before  adding  to  a  bath  of  steel  or  iron.  Docto- 
Moldenke,  on  the  other  hand,  speaks  of  the  "  necessity  "  of  heat- 
ing the  alloy  red  hot  before  using  it.  Practical  experience  shows 
that  it  does  the  work  cold  as  well  as  hot,  and  the  general  tendency 
is  to  use  it  cold.  However  that  may  be,  it  w^ould  appear  that 
heating  the  alloy,  or  using  it  liquid,  as  is  the  coming  European 
practice  wnth  ferro-manganese,  w^ould  facilitate  its  readier  in- 
corporation into  the  metal.  As  to  whether  it  should  be  used  in 
conjunction  W'ith  aluminum  there  is  no  agreement  among  metal- 
luro-ists.  The  evidence  seems  to  favor  those  who  claim  that 
titanium  should  never  be  used  in  conjunction  w^ith  aluminum. 
The   size  of  pieces  of  allov  to  be   added  in  open-hearth  heats 
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depends  on  the  si/.c  ul  the  heats;  in  general,  the  larger  the 
heat  tonnage,  the  larger  the  pieces  of  alloy  may  be.  Thus 
for  heats  over  25  tons  pieces  screened  through  a  0.75-inch  screen 
arc  recommended. 

In  Electric  Uiirnace  Practice. — Of  all  the  appliances  used  for 
the  production  of  liquid  steel,  the  electric  furnace  admittedly 
does  give  a  thoroughly  deoxidized  metal.  At  any  rate,  whether 
the  steel  has  been  thoroughly  deoxidized  in  the  furnace  or  not,  it 
will  be  somewhat  reoxidized  during  tapping  into  the  ladle,  and 
slag  will  become  entangled  with  the  metal  during  this  period. 
In  case  the  electric  furnace  is  acid-lined  instead  of  basic,  the 
operation  is  simply  one  of  melting,  and  deoxidation  must  be  se- 
cured. For  electric-furnace  practice,  whether  acid  or  basic,  it 
may  be  well  to  add  titanium  alloy  during  the  tapping  of  the  steel 
into  the  ladle  in  the  same  way  as  in  Bessemer  and  open-hearth 
work;  and,  as  usual,  the  steel  should  be  held  for  about  five  or 
more  minutes  to  allow  the  reaction  to  take  place  and  to  permit  the 
entrained  slags  and  oxides  to  rise  to  the  surface.  The  modern 
metallographic  microscope  has  shown  that  titanium-treated  steels 
contain  included  particles  of  a  pinkish  substance,  now  identified 
as  titanium  nitride  crystals,  so  that  it  is  extremely  doubtful 
whether,  under  the  conditions  of  the  present  fast  practice,  this 
compound  finds  its  way  into  the  slag  at  all.  Regardless  of 
that,  its  presence  appears  to  do  the  steel  nO'  particular  harm. 

In  Crucible  Practice. — In  the  crucible  process  the  best  results 
have  been  secured  by  adding  the  titanium  alloy  to  the  pots  before 
they  are  removed  frorn  the  furnace  and  allowing  time  for  the 
chemical  reactions  to  take  place  before  teeming. 

Effect  of  Titanium  on  Cementation. — The  work  of  Leon 
Guillet"^^  indicates  that  it  is  proved  that  the  substances  which 
retard  cementation  are  those  w^hich  are  found  in  solution  in  the 
iron,  as  Ni,  Ti,  Si,  and  Al,  and  that  the  substances  which  accel- 
erate cementation  are  those  which  seem  to  exist  in  the  state  of 
double  carbides,  substituting  a  part  of  the  iron  of  the  cementite, 
as  Mn,  Cr,  W,  and  Mo.  He  has  constructed  Table  IV  from  data 
secured  from  experiment 

"  Guillet,  Leon,  "  La  cementation  des  aciers  au  carbone  et  des  aciers 
speciaux,"  Memoires  et  conipte  rendu  des  travanx  de  la  Societe  des  Inge- 
nieurs  Civils  de  France,  series  vi,  No.  2,  February,  1904. 
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Taulk  \\\ 

Proportion  of  Velocity  of  penetration  Proportion  of             Velocity  of  penrtr«tion 

foreign  metal  in  tenths  of  a  millimetre  foreign  metal              in  tenth*  of  «  millimetre 

2%  Ni  7  2%  Mo                             II 

5%  Ni  5  1%  Ti                                 s 

0.5%  Mn  II  27c  Ti                                 7 

i.o7o  Mn.  12  o.s%  Si                              6 

1.0%  Cr.  10  1.0%  Si 

2.0%  Cr.  II  2.0%  Si 


0.5%  W.  9  5.0%  Si 

1.0%  W  9  1.0%  AI 

2.o7o  W  12  3.0%  AI 

1.0%  Mo  9 

♦  No  cementation 

Note. — Under  the  same  conditions  a  carbon  steel  showed  a  penetration  of  0.90  mm. 

TitaniiDii  in  Rail  Steel. — The  question  of  the  manufacture  of 
sound  homogeneous  steel  for  rail  production  is  one  that  has  had 
a  great  deal  of  attention  by  metallurgists,  maintenance  engineers, 
and  others  interested  in  the  subject.  A  great  deal  ui  data  has 
been  secured  relative  to  rail  wear,  and  many  lengthy  reports  have 
been  formulated  on  the  subject.  Among  others  prominently 
connected  with  the  rail  question  have  been  Hunt,  Dudley,  W'ick- 
horst,  and  W^aterhouse,  who  have  contributed  to  the  advancing 
technique  of  rail  manufacture  in  no  small  measure.  Jn  this 
country  practically  all  rails  of  heavier  section  for  main-line  track 
are  now  produced  from  ingots  cast  from  basic  open-hearth  steel. 
Acid-Bessemer  rails  fell  into  disrepute  some  time  ago.  On  curves 
manganese-steel  rails  have  found  some  favor,  as  their  wearing 
qualities  will  stand  the  higher  cost :  for  straight-away  track  man- 
ganese steel  is  prohibitively  costly.  It  has  just  been  said  that 
most  rails  are  now  made  from  basic  open-hearth  steel,  and  it  may 
be  more  completely  stated  that  the  open-hearth  is  used  in  connec- 
tion with  duplexing  practice:  i.e..  a  combination  of  the  Bessemer 
and  open-hearth  furnaces,  where  the  steel  is  desiliconized  and 
partly  decarburized  in  the  acid-Bessemer  converter,  and  then 
finished  in  a  basic  open-hearth  furnace.  Roughly,  open-hearth 
steel-rail  specifications  call  for  rails  within  this  chemical  com- 
position :  carbon,  0.55  to  0.85  per  cent. ;  manganese.  0.60  to  0.90; 
silicon,  less  than  0.25  ;  and  phosphorus,  less  than  0.04  to  0.06 
per  cent.  !More  elaborate  specifications  have  been  drawn  up  by 
the  rail  committees  of  the  American  Society  for  Testing  Mate- 
rials and  of  the  American  Railway  Engineering  Association,  but 
these  need  not  be  further  mentioned  in  this  place. 
Vol.  184,  No.  1103—45 
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Scyreijation  in  Rail  Steel. — Segregation  is  one  of  the  most 
important  questions  before  the  rail-steel  maker.  According  to  the 
now  well-known  selective  freezing  of  certain  molten  alloys,  and 
in  this  case  steel,  the  upper-central  part  of  a  steel  ingot  usually 
shows  the  segregation  of  carbon,  phosphorus,  and  sulphur.  In 
all  commercial  practice  the  bulk  of  the  ingot  must  be  used,  and 
it  appears  to  be  a  hide-bound  attitude  that  calls  for  a  definite 
percentage  of  discard  as  crop  from  the  top  of  the  rolled  ingot. 
Gathman  tops  and  other  appliances  for  keeping  the  tops  hot  or 
for  raising  the  pipe  up  into  the  head  presuppose  that  the  steel 
is  bad  to  start  with.  The  production  of  sound  homogeneous  steel 
at  the  outset,  before  pouring,  appears  to  be  a  desideratum,  as 
recognized  of  late  by  W.  C.  Gushing.'^ ^  The  usual  discard  of 
9  to  10  per  cent,  or  more  may  not  entirely  eliminate  the  segre- 
gated portion,  although  it  may  crop  off  the  pipe  if  there  is  one. 
George  B.  Waterhouse  ^^  shows  the  results  of  a  number  of 
experiments  conducted  on  segregation  in  acid  Bessemer-rail  steel. 
A  comparison  was  made  of  ordinary  carbon  steel  ingots  and 
steel  ingots  treated  with  0.25  per  cent,  by  weight  of  titanium  in 
the  form  of  a  ferro-alloy.  Very  briefly,  his  results  point  out  that 
there  is  much  less  sulphur  segregation  in  titanium-treated  steel 
th-^n  in  ordinary  steel,  and  the  same  thing  applies  to  the  segre- 
gation of  phosphorus  and  carbon.  The  use  of  the  alloy  brought 
about  a  greater  uniformity  in  the  steel  and,  on  the  whole,  les- 
sened the  segregation.  The  photographs  in  Figs.  9  and  10  are 
of  an  ordinary  and  a  titanium-treated  ingot.  The  most  marked 
feature  is  the  increased  soundness  of  the  titanium-treated  metal 
because  of  the  concentration  of  the  blow^holes  into  the  pipe  cavity. 
The  use  of  aluminum  is  condemned  by  some  railroad  engineers 
because  of  the  fact  that  the  product  of  the  reaction,  viz.,  alumina, 
is  highly  infusible  and  remains  in  occluded  form  in  the  metal. 

As  previously  pointed  out,  a  g^reat  deal  of  data  has  been  gath- 
ered relative  to  the  rail  question,  and  in  view  of  this  it  appears 
to  be  somewhat  of  an  idle  ceremony  to  attempt  tO'  recast  the 
writings  in  this  short  work.  As  Professor  Richards  aptly  re- 
marks r"^*  "  A.  J.  Rossi  and  The  Titanium  Alloys  Manufacturing 

"Engineer  Maintenance  of  Way,  Pennsylvania  Lines. 

"  Waterhouse,  George  B.,  "  The  Influence  of  Titanium  on  Segregation 
in  Bessemer-rail  Steel,"  A.  S.  T.  M.  meeting,  Atlantic  City,  June-July,  1910. 

"  Richards,  Joseph  W.,  "  The  Metallurgy  of  the  Rarer  Metals,"  Met.  and 
Chem.  Eng.,  July  i,  1916,  vol.  xv,  No.  i,  p.  26. 
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Company  arc   the  al|)ha  aiul   omega  ui   ihc   titanium   industry. 

A  lincly  written  l)(>oklet  of  over  100  pages 
tells  the  whole  story,  so  why  rehearse  it  here?  "  The  series  of 
booklets  entitled  "  Rail  Reports,"  issued  hy  the  same  company, 
gives  (|uite  complete  account  of  the  function  of  titanium  in  the 
metallurgy  of  rail  steel.  It  will  suffice,  thcref(>re.  to  point  out 
very  brielly  the  marked  improvement  in  rail  steel  effected  hy  the 
use  of  titanium.  Microscopic  examination  of  steel  treated  with 
ferro-carbon  titanium  and  rolled  into  rails  and  corresponding  steel 
not   so  treated   gave  the  results  illustrated   in   the  photomicro- 


FiG.  9. 


Ordinary  steel  ingot.     ("After  Waterhouse.)  Titanium  steel  ingot.     (After  Waterhouse.) 

graphs  ""^  in  Figs.  11  to  16.  The  untreated  steel  shows  an  ex- 
tremely coarse  grain,  indicating  that  the  metal  had  been  rolled 
very  hot ;  it  shows  also  a  thick  f errite  network  and  much  decar- 
burization  in  the  flange  of  the  rail.  The  treated  rail  contains  only 
traces  of  ferrite,  except  at  the  surface,  and  is  unsegregated. 

Titanium  was  first  used  in  this  country  in  November,  1907, 
in  a  heat  of  Bessemer  steel,  under  the  direction  of  S.  S.  Martin, 
at  the  works  of  the  Maryland  Steel  Company.     At  the  first  trial 

"Permission  of  George  AI.  Comstock,  The  Titanium  Alloys  Manufac- 
turing Company,  Niagara  Falls,  N.  Y.,  Rail  Reports,  Bull.  No.  7,  Open  Hearth, 
1914,  p.  29. 
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Section  of  untreated  steel  rail  from  top  of  head;  etched  to  darken  pearlite,  leaving  ferrite  white. 

X  100  diameters.     (After  Comstock.) 


Fig.  12. 


Section  of  treated  steel  rail  from  top  of  head;  etched  to  darken  pearlite,  leaving  ferrite  white. 

X  100  diameters.     (After  Comstock.) 
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Section  of  untreated  steel  rail  from  web;  etched  to  darken  pearlite,  leaving  ferrite  white.     X  100 

diameters.     (After  Comstock.) 


Fig.  14. 


Section  of  treated  steel  rail  from  web;  etched  to  darken  pearlite,  leaving  ferrite  white.      X  100 

diameters.      After  Comstock.) 
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Fig.  15. 
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Section  of  untreated  steel  rail  from  flange;  etched  to  darken  pearlite,  leaving  ferrite  white. 

X  100  diameters.     (After  Comstock.) 


Fig.  16. 


Section  of  treated  steel  rail  from  flange;  etched  to  darken  pearlite,  leaving  ferrite  white.    X  100 

diameters.     (After  Comstock.) 
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the  steel  showed  such  iniprovenient  that  Muceedm^  irials  were 
made  shortly  alter,  which  developed  the  remarkable  features  now 
so  well  known.  \'ery  exhaustive  tests  were  made  at  the  Lacka- 
wanna Steel  Comi)any's  works  in  1908,  under  the  direction  of  a 
railroad  engineer.  The  results  of  these  tests  and  the  experience 
of  succeeding  years  endorse  the  merits  of  the  titanium  alloys 
for  rail-steel  manufacture.  In  short,  the  l)eneficial  effects  of  the 
titanium  treatment  from  the  standpoint  of  the  rail  user  are: 
( I )  Increased  rail  life  of  from  200  to  400  per  cent. ;  (2)  tougher 
rails  under  the  drop  test;  (3)  strong  steel;  and  (4)  less  flaking 
off  of  the  metal  in  the  head. 

Titanium  in  Pipe  Steel. — As  in  the  metallurgy  of  liquid  steel 
for  the  manufacture  of  other  semi-finished  products,  titanium 
finds  employment  in  steel  to  be  used  for  pipe  or  tube  production. 
What  has  been  said  elsewhere  concerning  the  desirability  of 
producing  sound,  homogeneous  ingots  for  rolling  into  shapes 
applies  here.  Both  pipe  and  tube  (the  two  terms  are  used  some- 
what interchangeably,  although  the  technical  distinction  between 
pipe  and  tube  is  that  tubes  are  rated  according  to  the  outside 
diameter,  and  pipes  according  to  the  inside  diameter)  are  made 
from  wrought  iron  and  steel  by  either  lap  welding  or  butt  weld- 
ing. Lap-welded  pipe  is  made  from  scarfed  skelp  usually,  and 
butt-welded  pipe  from  grooved  skelp,  so  that  there  will  l>e  avoided 
the  excess  of  metal  at  the  seam  when  otherwise  no  provision  is 
made  for  that  purpose.  At  times  the  presence  of  oxides  and 
slag  will  make  the  welding  of  pipe  or  tube  difficult,  and  such  a 
product  may  be  rejected  as  defective. 

Titanium  in  Steel  Castings. — The  manufacture  of  steel  cast- 
ings, whether  by  the  acid  or  basic  open-hearth,  the  Bessemer 
or  Tropenas  converter,  or  in  electric  furnaces  or  crucible  pots, 
presents  certain  inherent  difficulties  not  found  in  the  production 
of  ing^ots  for  rollins:.  The  reason  for  this  lies  mainlv  in  the  fact 
that  the  castings  represent  finished  products  as  such,  excepting, 
of  course,  the  usual  annealing,  sand  blasting,  and  other  cleaning 
which  they  receive.  Design  of  castings  and  expert  pattern  shop 
practice  play  an  intimate  part  in  good  casting  procedure,  so  that 
the  problem  is  not  a  metallurgical  one  alone.  Cracks  and  blow- 
holes are  common  annoyances.  The  reason  for  the  occurrences 
of  cracks  in  steel  castings  is  a  question  relative  to  which  there 
has  been  much  debate  and  little  satisfactorv  information.   Sulphur 
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is  coninionly  blamed  lOr  the  presence  of  cracks,  as  well  as  red 
shortness.  JUowholes  are  usually  altrilnited  to  the  escape  of 
dissolved  ^ascs  during  solidificatit^n,  which  are  pent  up  in  the 
metal  at  freezing.  Irrespective  of  the  causes  of  unsoundness  of 
steel  castings,  the  production  of  a  uniform  product  free  from 
defects  is  a  dcsidcratiDii.  Since  the  use  of  titanium  thoroughly 
deoxidizes  molten  metal,  its  employment  in  steel  casting  practice 
would  appear  to  aid  in  the  production  of  good  steel  or  even  make 
good  steel  better."''  W.  A.  Janssen  carried  on  some  experiments 
with  the  object  in  view  of  conserving  his  manganese  supply  by 
substituting  a  titanium  alloy  in  part  for  ferro-manganese  in 
making  steel  castings.  This  proba])ly  is  the  first  well-defined 
attempt  in  that  direction  other  than  the  use  of  spiegeleisen  by 
some  makers  in  the  past  year  for  the  same  purpose."^ ^  In  any 
event,  the  use  of  a  titanium  alloy  in  steel  casting  manufacture  is 
no  longer  a  new  procedure,  but  rather  must  be  regarded  as  a 
necessity  to  overcome  the  vagaries  of  modern  practice.  The 
photomicrographs  in  Figs.  17  and  18  indicate  the  scavenging 
action  of  titanium  on  steel,  the  slag  particles  being  noticeably 
smaller  in  the  titanium-treated  metal  than  in  the  plain  untreated 
steel.  The  photograph  illustrated  in  Fig.  19  shows  a  type  of 
steel  casting  treated  W'ith  carbon-free  ferro-titanium. 

Titanium  in  Forging  Steels. — Forging  steels  {i.e.,  steel  pro- 
duced in  the  semi-finished  forms  of  blooms,  billets,  or  other 
shapes  for  treatment  under  the  hammer)  are  made  in  a  wide 
range  of  analyses,  but  usually  wnthin  the  limits  of  from  o.io  to 
1.25  per  cent.  C.  In  spite  of  the  fact  that  sound,  homogeneous 
steel  may  be  made,  it  so  happens  that  ill-advised  hammer  opera- 
tion will  give  rise  to  a  poor  product.  The  subject  of  finishing 
temperatures  for  hammer  forgings  seems  to  have  been  given 
but  little  attention,  and  the  practice  in  some  shops  which  the 
writer  has  observed  has  been,  if  anything,  malpractice.     As  in 

^® Janssen,  W.  A.,  "The  Use  of  Titanium  in  the  Manufacture  of  Steel 
Castings,"  paper  read  at  American  Foundrymen's  Association  meeting,  Cleve- 
land, 1916. 

"  Spiegeleisen,  of  course,  could  not  be  employed  satisfactorily,  as  it  will 
add  too  much  carbon  to  the  steel.  The  question  of  manganese  conservation 
has  been  dealt  with  by  the  author  in  another  place ;  see  "  The  Metallurgy  of 
Ferro-manganese,"  Iron  Trade  Review,  March  29,  1917,  pp.  723-726;  and 
"  Ferromanganese  in  the  Iron  and  Steel  Industry,"  this  Journal,  May,  1917, 
p.  579  et  seq. 
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the  case  of  steel-caslin«^s  niaiuifacturc,  the  prothictioii  of  forj^inj^s 
is  not  alone  dependent  upon  the  nature  of  the  steel.  The  (jnes- 
tion  of  correct  linishini;  teniiKTatures  is  (piite  without  the  scope 


Fig.  17. 


Fui.  18. 


Typical  silicate  or  slag  inclusion  in  plain  steel.  Typical  small  silicate  or  slag  inclusions  in 

X  200  diameters.     (After  Janssen.)  titanium  treated     steel.       X  200     diameters. 

(After  Janssen.) 

of  this  writing,  but  its  importance  is  recognized.  From  the 
standpoint  of  steel  metallurgy,  the  most  common  defects  in  forg- 
ings  which  can  be  traced  to  bad  steel  are  segregation  and  seams. 
When  ingots  containing  blowholes  and  occluded  oxides  and  slag 

Fig.  19. 


Steel   crusher  gear   weighing   5500  pounds,    treated   with   carbon-free   ferro-titanium.       (After 

Goldschmidt  Thermit  Company.) 

are  cogged  down  in  a  universal  mill,  and  then  rolled  into  billets 
or  not,  the  occluded  substances  are  elongated  in  the  direction  of 
rolling.  Blowholes  do  not  close  and  weld  during  either  rolling 
or  forging,   because  the   surfaces  are  oxidized   and   not   clean. 
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Fori^iiii^  a,G:,q:ravates  these  annoyances,  as  deep-seated  inj^ot  occlu- 
sions may  become  surface  defects  throuj^h  shapin<2^  of  the  section. 
ITence  it  is  apparent  that  the  only  remedy  is  the  production  of  a 
cleaner  steel.  The  employmenl  of  the  chippinj^  hammer  for  the 
removal  of  scams  and  cracks  in  forj^^inf^  billets  is  a  makeshift  at 


Fig.  20. 


Streaks  of  alumina  in  a  billet  of  forging  steel  deoxidized  with  aluminum.     Section  cut  parallel 
to  direction  of  rolling,  not  etched.    X  200  diameters  and  reduced  one-half.    (After  Comstock.) 

best,  but  where  steel  makers  cannot  see  the  light  it  is  virtually 
their  only  salvation.  Practical  experience  shows  that  the  chipping 
hammer  will  remove  surface  defects,  but  its  employment  is  ex- 
tremely costly. 

Photomicrographs  indicate  the  value  of  using  titanium  for 

Fig.  21. 


Typical  small  sulphide  and  silicate  fibres  in  a  billet  of  forging  steel  treated  with  titanium. 
Section  cut  parallel  to  direction  of  rolling,  not  etched.  X  200  diameters  and  reduced  one-half. 
(After  Comstock.) 

the  elimination  of  occluded  oxides  and  slag  from  liquid  metal 
before  pouring.  Figs.  20  and  21  show  the  comparative  values 
of  aluminum  and  titanium  as  deoxidizers. 

Titanium  in  Sheet  and  Plate  Steel. — It  is  rather  doubtful  if 
defects  are  so  noticeable  in  any  other  kind  of  finished  steel  prod- 
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ucts,  with  the  possible  exception  of  wire,  as  in  sheets  and 
plates.  Sheets  for  line  autoniobile-boily  and  fender  work,  in  par- 
ticnlar,  must  be  free  from  surface  Haws  and  defects,  and,  as 
elsewhere,  the  accomplishment  of  this  desideratum  leads  us  back 
to  a  consideration  of  the  liquid  steel.  Any  ingot  defects  will 
certainly  be  brought  to  the  surface  of  sheets  or  plates  by  the  re- 
peated rollings.  Steel  for  plate  and  sheet-rolling  work  is  made 
in  the  usual  manner,  with  the  exception  of  the  i)rocedure  of 
adding  ferro-phosphorus  in  the  ladle  if  thin  sheets  are  to  be 
rolled.  Other  than  to  the  quality  of  the  steel,  the  causes  of 
defective  sheets  and  plates  may  be  traced  to  imi)roper  njlling 
and  annealing,  or  to  ill-advised  pickling  practice.  These  matters 
are,  needless  to  remark,  without  the  scope  of  this  writing,  and 
no  further  reference  can  be  made  to  them  here.  The  question, 
so  far  as  we  are  concerned,  then  lies  in  the  production  of  good 
liquid  steel,  and  what  has  been  already  said  in  regard  to  the  use 
of  titanium  applies  to  the  production  of  steel  for  this  purpose. 

Titanium  in  Structural  Steels. —  Structural  shapes,  such  as 
channels,  angles,  tees,  I-beams,  etc.,  are  rolled  in  structural- 
shaping  mills,  the  cast  ingots  being  first  cogged  down  into  blooms 
and  then  rolled  into  the  various  shapes.  Most  metallurgists  have 
believed  that  structural  steel  is  rolled,  in  general,  too  heavy  for 
the  purpose  for  which  it  is  destined,  and  differences  of  opinion 
have  been  no  uncommon  matter  between  designing  engineers  and 
steel  makers.  Modern  office  buildings,  bridges,  and  other  struc- 
tures are  demanding  heavier  and  still  heavier  sections.  Specifica- 
tions vary  with  cities,  and  there  is  but  little  standardization. 
Disregarding  the  questions  of  both  design  and  specifications,  there 
is  no  question  but  that  segregation  is  the  most  serious  defect  in 
structural  metal.  Lives  are  often  dependent  on  the  quality  of 
the  steel,  and,  with  this  consideration  at  hand,  it  seems  to  be  a 
rather  singular  thing  that  the  subject  has  not  received  more  atten- 
tion. However  all  that  may  be,  anything  which  will  produce 
better  metal  is  greatly  to  be  commended,  and  the  results  of  experi- 
mental tests  and  the  usage  of  practice  recommended  the  titanium 
alloys  for  treating  the  liquid  metal  before  teeming  into  ingots. 

Titanhim  in  Wire  Steel. — Steel  for  wire  manufacture  is  pro- 
duced in  the  usual  way,  ingots  being  cast  in  moulds  from  liquid 
steel,  and  the  ingots  then  rolled  into  billets  of  small  cross-section 
for  drawing.    Wire  drawing  is  accomplished  by  pulling  the  wire 
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throui^^h  succeeding  smaller  dies,  the  metal  being  heated  so  as  to 
be  plastic.  The  small  diameter  to  which  the  wire  is  reduced  in 
comt)arison  to  the  cross-section  of  the  original  ing(jt  clearly 
indicates  how  internal  defects  will  be  brought  to  the  surface. 
Certain  defects  of  wire,  stich  as  a  scaly  surface  due  to  spongy 
metal,  hard  spots  due  to  segregation,  and  others,  are  directly 
traceable  to  the  liquid  steel.  Other  numerous  defects  are  due 
to  wire-drawing  practice.  Where  the  steel  can  be  made  sound, 
that  should  be  done.  The  use  of  proper  deoxidizers,  aided  by 
titanium  alloys,  will  ehminate  the  defects  due  to  the  steel  to  a 
large  extent. 

TitaniiUH  is  an  Alloying  Element. — Titanium  can  be  obtained 
in  cast  iron  produced  by  smelting  titanic  iron  ores,  but  it  is  ex- 
tremely difficult  to  introduce  the  element  into  steel  as  an  alloying 
constituent.''^  The  experiments  of  W.  H.  S.  Shakell  may  be 
instanced  to  demonstrate  the  statement  just  made;  a  titaniferous 
sand  from  New  Zealand  containing  97.21  per  cent.  FeO  +  FegO.^, 
0.22  MnO,  0.16  AI2O3,  0.50  Si,  1.60  per  cent.  Ti,  and  CaO,  MgO, 
and  alkalies  in  insignificant  amount,  was  mixed  with  suitable 
fluxes  and  reduced  by  coke  in  crucibles.  A  white  pig  iron  con- 
taining 2  to  3  per  cent.  Ti  was  secured.  The  pig  iron  was  reduced 
with  ferro-manganese  and  a  small  amount  of  oxidized  metal,  giv- 
ing a  steel  containing  0.70  per  cent,  combined  carbon,  o.  112  Si, 
0.623  Mn,  0.098  S,  0.030  per  cent.  P,  and  Ti  nil.  This  indicates 
that  titanium  is  much  more  easily  oxidized  than  silicon. 

{To  he  continued.) 

"Harbord  and  Hall,  "The  Metallurgy  of  Steel,"  London,  191 1,  pp.  402- 
403- 
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WINDS  DUE  TO  SIMULTANEOUS  ADJACENT   LOCAL   HEATING   AND   LOCAL 

COOLING. 

Thundcrstor}}i   Winds. 

Shortly,  say  twenty  minutes  or  so,  l^efore  the  rain  of  a 
thunderstorm  reaches  a  given  locality  the  wind  at  that  place,  gen- 
erally light,  begins  to  die  dow^n  to  an  approximate  calm  and  to 
change  its  direction.  At  first  it  usually  is  from  the  south  or 
southwest  in  the  extra-tropical  portion  of  the  northern  hemi- 
sphere; from  the  north  or  northwest  in  the  corresixjnding  ixjrtion 
of  the  southern,  and  in  both  more  or  less  directlv  across  the 
path  of  the  storm  itself.  After  the  change,  it  blows  for  a  few 
minutes  rather  gently,  directly  toward  the  nearest  portion  of  the 
storm  front,  and  finally,  as  the  rain  is  almost  at  hand,  abruptly 
and  in  rather  violent  gusts  away  from  the  storm  and  in  the  same 
direction  that  it  is  travelling,  a  direction  that  usually  differs  ap- 
preciably from  that  of  the  original  surface  wind.  Generally  this 
violent  gusty  wind  lasts  through  only  the  earlier  [kjtUou  of  the 
disturbance,  and  then  is  gradually  but  rather  quickly  succeeded 
by  a  comparatively  gentle  wind,  which,  though  following  the 
storm  at  first,  frequently,  after  an  hour  or  so,  blows  in  the  same 
general  direction  as  the  original  surface  wind. 

The  chief  cause  of  these  and  all  other  winds  peculiar  to  the 
thunderstorm,  except  those  within  the  cumulus  cloud  itself,  is 
the  juxtaposition  of  warm  air  immediately  in  front  of  the  rain 
and  a  column  or  sheet  of  cold  air  through  which  the  rain  is 
falling.  How  this  temperature  distribution  is  established  and 
what  the  results  are  will  be  explained  later  in  the  chapter  on  the 
thunderstorm. 


*  Continued  from  page  551,  vol.  184,  October,  1917. 
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Chapter  VIII. 

ATMOSPHERIC  CIRCULATION   (continiicd) . 

J  rinds  Due  to  Widespread  Healing  and  Cooling. 

GENERAL   REMARKS. 

Since  the  atmosphere  is  a  fluid  whose  viscosity  is  not  only 
small  but  also  well  known,  one  might  suppose,  with  respect  to  any 
given  portion,  that  it  would  be  (juite  as  easy,  through  the  equa- 
tions of  thermodynamics  and  hydrodynamics,  to  foretell  its  every 
movement  and  future  position  as  by  the  equations  of  celestial 
mechanics  to  predict  an  eclipse  or  an  occultation.  But  this  is  far 
from  being  the  case,  and  for  many  reasons.  Thus  the  irregu- 
larities of  surface  heating  and  surface  friction,  and  the  action 
of  mountains,  themselves  irregular  and  broken,  in  deflecting 
winds,  both  horizontally  and  vertically,  complicate  the  problem 
beyond  exact  solution.  Besides,  there  are  even  discontinuities  in 
the  amount  of  atmosphere  involved.  Water  vapor  is  added  in 
large  amounts  by  evaporation  to  the  volume  of  circulating  gases, 
mainly  in  the  regions  of  ''  highs,"  while  equal  average  quantities 
are  withdrawn  (not  simultaneously)  by  precipitation,  chiefly  in 
the  regions  of  ''  lows."  Hence  an  exact  mathematical  solution  of 
the  problem  of  world-wide  circulation  does  not  seem  possible. 
Nevertheless,  many  details  of  this  circulation  are  clearly  under- 
stood from  physical  considerations  and  admit  of  at  least  approxi- 
mate analyses.  Some  of  these  details  pertain  equally  to  all  the 
more  general  winds,  and  therefore  a  discussion  of  them  wall  be 
given  independently  as  a  common  introduction  to  the  more  ex- 
tended accounts  of  certain  types  of  atmospheric  circulation  that 
follow  under  the  captions  monsoons,  hurricanes,  trade  winds, 
cyclones,  etc. 

Irregidarities,  Gusts  or  Puffs. — Though  the  wind  at  an  alti- 
tude of  200  metres  or  more  is  comparatively  steady,  except  in 
very  rough  or  mountainous  regions,  near  the  surface  of  the  earth 
any  appreciable  wind  that  may  exist  is  always  in  a  turmoil,  owing 
to  surface  friction  that  checks  the  lower  layer  while  the  layers 
above  tumble  forward  and  down,  and  to  numerous  obstructing 
objects  that  block  its  course  and  introduce  cross-currents.  Hence 
its  direction  constantly  changes  through  many  degrees,  while  the 
velocity  irregularly  but  persistently  fluctuates  from  one  extreme 
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to  another.  At  one  instanl  the  actual  velocity  may  l>c  anvlhinj^ 
up  to  50  per  cent,  or  more  i^reater  than  the  average  velo<:ity, 
while  a  second  or  two  later  it  may  be  fully  50  jxt  cent,  le.s.s  than 
the  average.  The  greater  the  average  velocity  the  greater, 
roughly,  in  the  same  proportion,  the  absolute  change,  as  illus- 
trated by  Fig.  29.  So  great,  indeed,  are  these  irregularities  that 
places  near  the  surface  of  the  earth  not  more  than  15  metres  (50 
feet)  apart,  though  having  the  same  average  wind  direction  and 
velocity,  commonly  have  different,  often  very  different,  simul- 
taneous directions  and  velocities,  and  therefore,  for  the  instant, 
radically  different  winds. 

These  facts  are  of  great  importance  with  reference  to  the 
wracking  effect  winds  have  on  houses,  bridges,  and  other  struc- 
tures. They  also  deeply  concern  the  aviator  when  starting  and 
landing.  But,  however  valuable  for  many  reasons  an  exact 
knowledge  of  surface  air  movements  would  be,  it  is  obvious  that 
they  defy  all  formulae,  and  that  mathematical  equations  can  no 
more  predict  the  course  and  speed  of  a  given  portion  of  turbulent 
surface  air  than  they  can  mark  the  path  and  fix  the  velocity  of 
water  in  the  swirls  and  eddies  of  a  mountain  torrent.  Neverthe- 
less, the  average  effect  of  a  group  of  turbulent  v.-ind  eddies,  like 
the  average  effect  of  a  large  number  of  gas  molecules,  does  profit- 
ably yield  to  mathematical  discussion.^^ 

Interzonal  Drift. — Although  the  atmosphere  moves  mainly 
from  west  to  east  in  middle  latitudes  and  from  east  to  west  in 
equatorial  regions,  it  nearly  always  has  a  north-south  comixDnent 
that  produces  an  interzonal  drift.  This  is  simply  because  the 
major  temperature  contrasts  of  the  surface  of  the  earth  are  be- 
tween the  equatorial  and  polar  regions.  Hence,  whatever  the 
local  or  secondary  temperature  contrasts,  of  which  there  are 
many,  and  whatever  the  deflecting  barriers  and  other  obstacles 
that  prevent  the  latitudinal  circulation  from  being  free  and  rapid, 
it  nevertheless  must  and  does  obtain  to  a  greater  or  less  extent. 

Change  of  Velocity  with  Change  of  Latitude. — The  velocity 
of  the  earth's  surface  at  and  near  the  equator,  as  a  little  calcula- 
tion shows,  is  about  1675  kilometres  (1040  miles)  per  hour 
from  west  to  east,  while,  with  reference  to  this  surface,  the  veloc- 
ity of  the  atmosphere  from  east  to  west  in  the  same  region  is 

''Taylor,  Phil.  Trans.  Roy.  Soc,  A,  215,  PP-  1-26,  igiS- 
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only  a  small  fraction  of  this  value.  In  rcalilv,  ihcrcf(jrc.  the 
atmosphere  of  e(iualorial  rej^ions  is  also  movini^  from  west  to 
east  with  a  i;real  \elocity,  thou.^h  not  so  j^reat  as  that  of  the 
surface  of  the  earth  itself. 

When  this  air  moves  to  hi<;her  latitudes,  as  it  does  under 
the  intluence  of  the  i^reat  temperature  contrasts  hetween  equa- 
torial and  polar  regions,  it  is  obvious  that  its  velocity  with  refer- 
ence to  the  surface  of  the  earth  must  chan«4e.  It  nn«^du  seem,  as 
many  have  assumed,  thai  the  linear  velocity  of  the  air  would  re- 
main constant,  and  that  the  wind  would  have  a  we^t  to  east  com- 
ponent as  soon  as  it  had  crossed  that  latitude  on  which  the  surface 
velocity  is  the  same  as  the  original  west  to  east  wind  movement. 
This  method,  however,  of  considering  the  problem  is  theoretically 
incorrect,  as  has  often  been  explained.  A  particle  of  the  atmos- 
phere, or  any  portion  of  it  moving  as  a  unit,  is  mainly,  at  times 
wholly,  rotating  around  the  axis  of  the  earth.  In  considering 
latitude  effect,  therefore,  or  efTect  of  distance  from  this  axis  on 
wdnd  velocity,  it  is  necessary,  as  Ferrel  first  insisted,  to  remem- 
ber that  the  angular  momentum  ///;--  o>  (in  which  ;//  is  the  mass,  r 
its  distance  from  the  axis  of  rotation,  and  w  the  west-east  anmilar 
velocity),  and  not  the  linear  momentum  niv  (in  which  z'  is  the 
west-east  linear  velocity),  is  a  constant.  In  other  words,  the 
law  of  conservation  of  areas  applies.  Hence  as  a  given  mass  of 
air  reaches  higher  latitudes  the  absolute  value  of  its  east-west 
component  tends,  not  to  remain  the  same  as  is  often  supposed, 
but  actually  to  become  greater  in  proportion  to  the  secant  of  the 
latitude.  If  the  trend  of  the  air  is  to  lower  latitudes,  its  west- 
east  velocity  obviously  tends  to  get  slower  at  the  same  rate  that 
when  going  to  higher  latitudes  it  tends  to  become  faster. 

Law  of  Cojiscn'afion  of  Areas. — The  law  of  the  conserva- 
tion of  areas  as  applied  to  the  atmosphere  is  of  sufficient  impor- 
tance to  justify  its  brief  demonstration. 

Let  0,  Fig.  30.  be  the  centre  about  which  a  mass  iu  is  mov- 
ing with  the  linear  velocity  t'i  along  the  circular  arc  AB  whose 
radius  is  r^.  Let  ///  be  constrained  to  follow  its  path  by  a  cen- 
tral force;  that  is,  a  force  directed  towards  O.  For  instance, 
let  it  move  over  a  frictionless  horizontal  plane,  and  be  kept  in 
its  orbit  by  the  tension  on  a  weightless  string  connecting  it  with 
the  centre  0.  At  B  let  the  tension  on  the  string  be  so  increased 
that  the  mass  ;;/  will  be  drawn  in  the  distance  BH  in  the  same 
Vol.  184,  No.  1103 — 46 
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lime  that,  undisturbed,  it  would  have  reached  E.  During  this 
time  the  path  will  be  something  like  BC.  If  the  tension  again 
becomes  constant  with  the  value  a])i)ropriate  to  the  point  C,  the 
new  orbital  velocity  will  be  7/0  along  the  arc  CD  of  radius  i^- 

By  taking  the  time  interval  smaller  and  smaller  the  velocity 
along  BH,  however  irregular,  approaches  uniformity  as  its  limit, 
while  BE  and  BC  both  approach  straight  lines.  With  the  two 
component  velocities  along  BE.  and  BH  respectively  uniform  it 
is  obvious  that  the  resultant  velocity  along  BC  must  also  be 


Fig.    30. 


Velocities  along  arcs  of  different  radii. 

uniform.  The  problem  of  vectorial  areas  reduces,  therefore,  to 
finding  the  general  relation  of  a  radius  vector  to  the  normal 
component  thereto  of  the  corresponding  orbital  velocity.  This 
relation  may  be  shown  as  follows  : 

Let  BC,  Fig.  31,  be  a  rectihnear  section  of  the  orbit,  usually 
of  infinitesimal  length,  along  which  the  velocity  is  uniform,  and 
let  OB  and  OC  be  two  radii.  From  B  draw  BE  perpendicular  to 
OC  extended,  and  from  C  draw  CA  perpendicular  to  OB.     Hence 


AC 
BE' 


in  which  Vi  and  V2  are  the  components  of  the  uniform  velocity 
along  BC  at  right  angles  to   OB  and   OC,   respectively.     But 
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from   [\w  similarity  of  tin-  tri.-m^lcs  O.IC  .md   0/:7)    n    i<ill(.\vs 
that 


and.  tluTcforc.  lliat 


That  is,  rz'       k\  a  constant,  in  wliich  r  is  tlu-  radius  vector 
and  ■:•  the  component  of  the  orhital  velocity  at  right  angles  thereto. 

Fig.    31. 


be' 

'oB 

Vi 

OC 

Vi~ 

'OB 

Conservation  of  areas  in  a  plane. 


But,  by  elementary  geometry, 


rv  =2a, 


in  which  a  is  the  rate  at  which  area  is  covered  by  the  movement 
of  r.  Hence  whatever  the  portion  of  the  orbit,  the  radius  vector 
sweeps  over  equal  areas  in  equal  intervals  of  time,  or  whatever 
the  points  selected, 


Vi  _  r-i 
i'2       r\ 


The  kinetic  energy  Ex  of  the  mass  m  while  on  the  arc  AB, 
Fig.  30,  is  given  by  the  equation, 


Ex  =  \mv^. 
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Similarly,  its  kinetic  energy  along  CD  is  given  by 
These  are  nneqnal,  the  difference  being 

and  it  will  l)e  interesting  tO'  find  the  source  of  inequahty. 

At  all  parts  of  the  orbit  the  tension  /  on  the  string  is  given  by 
the  equation, 

and  the  work,  dzv,  done  on  shortening  the  radius  by  the  small 
amount  dr  is  expressed  by  the  equation, 

div  =  -   dr. 

r 

But  since  rv  -  k,  v  -    ,  and 

dw  =  —  -   3    dr. 

Hence  on  shortening  the  string  from  ri  to  ^2  the  work  becomes, 

^  ro  r^        2  \r2         r\  J 

But  k"  -  z^'-r-  =  v^  r^  -  v^^r^    -   etc. 

Hence  W  =    "^  {v-.'-vi'^). 
2 

But  this  is  identical  with  the  value  already  found  for  the  dif- 
ference between  the  kinetic  energies  of  m  at  the  distances  r^  and 
r^  from  0.  That  is,  this  difference  is  equal  and  due  to  the  work 
done  on  in  by  the  tension  on  the  string  while  decreasing  the  radius 
from  Yx  to  rg. 

Consider  now  the  velocity  of  a  quantity  of  air  or  other  mass 
moving  as  a  unit  frictionlessly  over  the  surface  of  the  earth. 
Let  the  mass  m,  regarded  as  a  point  (in  the  case  of  an  extended 
body  it  is  J  mvr  that  remains  constant),  be  at  P,  Fig.  32,  rotating 
around  the  axis  NS  on  the  small  circle  MP  and  held  to  the  sur- 
face by  gravity  directed  towards  the  centre  0.  If  v  is  the  linear 
velocity  of  m,  it  follows  that  the  radially  directed  force  /  is  ex- 
pressed by  the  equation, 

.  _  nviP'  _  mv^ 
J        ^-  Jjp' 

On  forcing  this  mass  tO'  a  higher  latitude,  to  P^,  say,  work 
is  done  against  the  horizontal  component  of  /.  But  from  the 
similarity  of  triangles  it  is  obvious  that  at  every  point  along  the 
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arc  PP\  f  sin  ^.  the  force  to  overcome,  is  to  /.  the  ccnt^ifll^^'ll 
force,  as  the  rate  of  approach  t<>  tlie  axis  is  to  the  rate  of  pro^^ress 
aloiii^  the  meridian.  Thus  the  work  done  in  j^joiiif^  from  /'  i<»  /" 
is  the  same  as  that  which  wouhl  he  done  in  shortening;  the 
radius  DP  to  P.  I.  lUit.  as  ahove  explained,  this  work  on  ///.  or 
transfer  of  energy  to  it.  mu>t  appear  as  so  much  additional  kinetic 
enertry.  friction  hein*;-  excluded.  Hence  the  orhital  velocity  f' 
at  I"  is  to  the  orhital  velocity  r  at  /'  as  DP  is  to  P'P\      That  is, 


Conservation  of  areas  on  a  sphere. 


the  conservation  of  areas  holds  likewise  in  this  case,  where  the 
radius  vector  is  the  normal  from  the  moving  mass  to  the  axis  of 
rotation. 

This  same  law  holds  also  on  the  slightly  flattened  earth.  To 
make  this  clear,  let  PP"  be  a  portion  of  a  greatly  t^attened 
meridian,  and  let  the  mass  in  be  taken  from  P  to  P'  as  l>efore,  and 
thence  to  P'\  From  P'  to  P"'  the  work  is  against  the  force  /' 
cos  0\  and  obviously  equal  to  the  work  against  /'  over  the  dis- 
tance P'S.  Hence  the  orbital  velocity  of  m  at  P"  is  to  its  orbital 
velocity  at  P  as  DP  is  to  D''P'\ 
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Suppose  a  (|iiaiitityof  quiet  air, air  moving  strictly  with  the  sur- 
face ol'  the  earth,  at,  say,  hititudc  30  degrees*,  is  forced  to  higher 
latitudes,  as  it  actually  is  by  pressure  gradients  due  to  temperature 
differences,  what,  according  to  the  law  of  the  conservation  of 
areas,  will  be  its  final  surface  velocity  at,  say,  latitude  60  degrees? 

At  latitude  30  degrees  its  orbital  velocity,  being  the  same  as 
that  of  the  surface,  is,  approximately, 

-^3957  cos  30°      „         miles  metres 

y^        oyoi  o       =  8o7_2  =401.1 

24  hour  second 

At  latitude  60  degrees  its  orbital  velocity  is,  from  the  prin- 
ciple stated, 

,        cos  30°  miles        ^  metres 

"  =  "  JSTto^  =  '554  ,,„^,^    =  694.7  ^-^-^' 

while  at  latitude  60  degrees  the  orbital  velocity  of  the  surface  is 

27r';QS7  cos  60°  „  miles  ^  metres 

5  =       ^^"^  ■  =  518  ,  =  231.6        — r- 

24  hour  second 

Hence  the  velocity  of  the  transferred  air  in  question  with 
reference  to  the  surface  is 

,  _  miles  _  metres^ 

"^    hour  second 

As  a  matter  of  fact,  no  such  enormous  velocities  of  the  wnnd 
as  the  principle  of  the  conservation  of  areas  would  lead  one  to 
expect  in  the  higher  latitudes  are  ever  found,  either  at  the  surface 
or  at  other  levels.  This,  however,  does  not  argue  against  the 
applicability  of  the  principle  itself,  but  only  shows  that  in  the 
case  of  atmospheric  circulation  there  are  very  effective  damping 
or  retarding  influences  in  operation. 

The  resistance  due  to  the  viscosity  of  the  atmosphere  is  one 
of  these  retarding  influences,  but  its  effect  probably  is  very  small. 
A  larger  effect  doubtless  comes  from  surface  turbulence  induced 
by  trees,  hills,  and  other  irregularities.  A  still  greater  velocity 
control,  probably  so  great  that  all  others  are  nearly  negligible  in 
comparison,  except  near  the  surface,  is  vertical  convection.  This 
phenomenon  leads  to  extensive  interchange  between  low^er  and 
upper  layers  of  the  atmosphere,  thus  indirectly  increasing  the 
effect  of  surface  friction  probably  several  fold  and  tending  to 
bring  all  the  lower,  vigorously  convective,  portion  of  the  atmos- 
phere to  a  common  velocity.  Because  of  these  several  means  of 
control  the  actual  wind  velocity  everywhere  is  different,  and  at 
high  latitudes  much  less  than  it  otherwise  would  be. 
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Not  only  is  the  velocity  of  the  wind  chanj^'ed  throuj^di  chanj^c 
of  latitude,  hut  also  the  rate  at  which  its  direction  with  reference 
to  the  surface  of  the  earth  varies  or  tends  to  vary,  as  will  appear 
from  what  follows. 

Deflection  Due  to  the  Hart  It's  Rotation. — The  effects  of  the 
rotation  of  the  earth  on  the  direction  of  the  wind  are  of  extreme 
importance  to  the  science  of  meteorolo<,ry.  It  will  he  convenient, 
therefore,  before  g:oincr  further,  to  consider  how  these  important 
results  are  produced  and  to  form  some  idea  of  their  approximate 
magnitudes. 

An  exact  discussion  of  this  problem  is  somewhat  tedious,  but 
a  very  approximate  solution  is  readily  obtained.    To  this  end,  let 

Fig.     33 


Deflection,  at  pole,  due  to  the  earth's  rotation. 

P,  Fig.  1,^.  be  one  pole  of  the  earth — the  north  pole,  say — assume 
the  surface  to  be  flat,  which  it  very  approximately  is,  at  and  near 
this  point,  and  let  a  particle  of  air  cross  it  in  the  direction  FA 
with  the  uniform  velocity  v;  let  the  earth  rotate  in  the  direction 
AA'  with  the  angular  velocity  w,  and  let  the  distance  which  the 
air  particle  under  consideration  has  gone  from  P  in  the  brief 
time  dt  be  such  that 

PA=dr  =  vdL 

Let  the  meridian  along  which  the  particle  started  as  it  left  P 
have  the  position  PA'  at  the  end  of  the  time  dt,  or  when  the 
particle,  keeping  a  constant  direction  in  space,  has  arrived  at  A. 
Obviously  the  velocity  with  which  the  earth  moves  under  the 
particle  increases  directly  with  the  distance  from  P.  But  as  this 
latter  is  directly  proportional  to  the  time  dt  since  the  particle  left 
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I\  1'  bcin^^  a  constant,  it  is  clear  that  the  distance,  travelled  nor- 
mally to  the  instantaneous  meridian,  ds,  say,  may  be  expressed  in 
terms  of  a  constant  acceleration,  a,  in  the  (lirecti(jn  opposite  to 
that  of  rotation.     'J1iat  is, 

ds  -  y,  a{dty. 


Also 

I lence, 
or 


ds  -  dr  (0  dt  —  V  dt  (J)  dt=^  V  0)  {dtY. 

V2  a  (dty  =  2>  o>  (dty\ 


a    -  0)  V. 


Since  a  force  is  measured  in  terms  of  mass  times  acceleration, 
it  follows  that  the  west-east  deflective  force,  /,  that  would  keep 
a  mass  ;;/,  of  atmosphere  or  anything  else,  next  the  pole  in  the 
same  meridian,  or  the  east-west  force  that,  if  the  earth  w^re 
still,  would  produce  the  given  motion  with  reference  to  its  sur- 
face, is  very  approximately  given  by  the  equation, 

/  =  ma  =  2  ;n  (0  ^', 

where  z'  and  to  have  the  values  above  assigned. 

Let  the  moving  particle  under  consideration  be  not  at  one 
of  the  poles,  but  at  some  other  point,  such  as  P,  Fig.  34,  at 
latitude  (/>.  Resolve  the  angular  velocity  w,  about  OX,  into  its 
components  about  the  right-angled  axes  OP  and  0P\  These 
components,  as  is  well  known,  are  ^  sin  4>  about  OP  and  w  cos  cf> 
about  0P\ 

Now  all  points  on  a'nd  exceedingly  close  to  the  equator  of  a 
rotating  sphere  have  sensibly  the  same  velocity,  hence  the  direc- 
tion and  velocity  of  horizontally  moving  particles  at  P  are  af- 
fected by  the  component  of  rotation  about  OP  only,  and  not  at  all 
by  the  component  about  OP'. 

That  is,  at  iV,  as  already  explained, 

a  —  2  oi  V,  and  /  =  2  m  i^y  v, 
while  at  latitude  </>,  where  the  angular  rotation  is  w  sin  </>, 

a  -  2  Oi  V  sin  A),  and  f  -  2  fuwv  sin  <i, 

to  the  right  (going  forward  with  the  particle)   in  the  northern 
hemisphere,  to  the  left  in  the  southern. 

From  this  simple  equation,  assuming  it  to  be  exact,  which  it 
very  nearly  is,  it  follows  that  the  deflective  force  due  to  the  rota- 
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tion  of  the  oarth  aclinic  on  a  (|iiaiuiiy  oi  moving;  air  (  ihal  is.  the 
force  lliat.  assiiniiiii;  the  earth  to  he  still,  measures  the  existing 
tendency  of  wind  to  chan«^e  its  direction  with  reference  to  any 
fixed  line  on  the  adjacent  snrface  )  is  : 

a.   Directly  proportional  to  its  mass. 

/;.   Directly  proportional  to  it>  horizontal  velocitv. 

c.  Directly  proportional  to  ihc  an«;nlar  velocitv  of  the  earth's 
rotation. 

(/.  Directly  proportional  to  the  sine  of  the  latitude  of  its 
location. 

c.   Exactly  the  same  whatever  its  horizontal  dircciion. 

/.   Always  at  right  angles  to  its  instantaneous  directi(jn  and 


Deflection,  away  from  pole,  due  to  earth's  rotation. 

therefore  wholly  without  influence  on  the  velocity  with  reference 
to  the  surface. 

g.  Opposite  to  the  direction  of  the  earth's  rotation.  Hence 
to  the  right,  or  clockwise  in  the  northern  hemisphere;  to  the  left, 
or  counter-clockwise  in  the  southern. 

Since  the  deflection  acceleration  is  all  the  time  at  right  angles 
to  the  path,  it  follows  that  an  object  moving  freely  over  the  sur- 
face of  the  earth  would  describe  an  endless  series  of  curves.  At 
each  point  on  this  path  the  acceleration  at  right  angles  to  it,  meas- 
ured with  reference  to  the  surface  of  the  earth,  is  given,  as  ex- 
plained, by  the  equation, 

a    -  2  Oi  V  s\n  (ji, 

in  which  the  terms  have  the  values  assigned  above.     It  is  also 
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given  by  the  well-known  eqnalion  for  acceleration  along  a  radius 
of  curvature.     That  is, 

v'- 
r 

in  which,  since  the  force  is  tangent  to  the  earth,  r  =  R  tan  «, 
w^here  R  is  the  radius  of  the  earth,  and  «  the  angle  stibtended  at 
the  centre  of  the  earth  by  the  radius  of  the  path  at  the  point  under 
consideration.  Hence,  when  the  only  deflective  influence  is  that 
due  to  the  earth's  rotation, 

r=    -  .    -.  and  tana  = 


2coSW(p'  2i?a,'Sin0 

That  is,  the  greater  the  linear  velocity  of  the  moving  object 
over  the  surface  of  the  earth,  and  the  nearer  it  is  to  the  equator, 
the  greater  the  radius  of  curvature.  On  the  equator  the  radius 
of  curvature  is  infinite,  or  the  path  a  straight  line.  However, 
unless  the  object  is  moving  along  the  equator  it  soon  gets  to  one 
side  v^here  the  direction  of  curvature  changes,  as  is  well  shown 
by  the  summer  windtracks  over  the  Indian  Ocean. 

Rate  of  Change  of  Wind  Direction. — The  theoretical  rate  of 
change  of  wind  direction  at  any  point  on  the  surface  of  the  earth 
obviously  is  the  angular  velocity  w'  of  the  earth  about  an  axis 
passing  through  its  centre  and  the  point  in  question.  This  change 
of  direction,  therefore,  clockwise  in  the  northern  hemisphere, 
counter-clockwise  in  the  southern,  occurs  at  a  rate  wholly  inde- 
pendent of  wind  velocity,  and  is  given  by  the  equation, 

0)   ^^  w  sin  (j), 

in  which  (j>  is  the  latitude  of  the  place  under  consideration  and  w 
the  angular  velocity  about  the  axis  through  the  north  and  south 
poles. 

But,  as  the  earth  turns  completely  around  during  a  sidereal 
day, 

o)  =  o>~^^per  second  =  15°  2'  26"  per  hour,  or  15°  per  hour,  roughly.     Hence, 
86,164 

oj'   =■   15"  sin  c}>  per  hour,  roughly. 
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The  approximate  values  of  </  correspondinjr  to  different  lati 
tildes  niav  convenientlv  he  tal)nlated  as  follows: 


Earl  It  Ratal 

ion  •  ifi 

Deforces 

l>rr  11 

our  of 

Different  Latitudes. 

0» 
0.00" 

5" 
1.31" 

10" 
2.60" 

60° 
12.99° 

15" 
3.88" 

20" 
5.13" 

25" 
6.34" 

75° 
14.49° 

30" 
7.50" 

80° 

14-77° 

35" 
8.60" 

4(1" 
9.64" 

1500° 

4S 
10.61" 

5°\ 
11.49° 

55\ 

12.29° 

^5\ 
13.59° 

70° 
14.10" 

85' 
14.94° 

It  must  be  clearly  understood  that  the  above  values  of  rate 
of  change  of  direction  are  based  on  the  assumption  that  there  is 
no  friction  and  no  disturbing  horizontal  pressure  gradient,  neither 
of  which  is  true  with  reference  to  actual  winds.  Nevertheless, 
the  values  obtained  are  important,  since  they  indicate  the  natural 
torque  of  the  atmosphere,  or  its  tendency  to  rotate  when  set  in 
motion  by  pressure  gradients. 

It  is  interesting  and  quite  practicable,  as  Whipple^^  has  shown, 
to  compute  the  path  of  a  frictionless  mass  over  the  rotating  earth 
when  its  direction  and  velocity  are  given  for  any  definite  point, 
but  this  will  be  omitted,  since  in  the  case  of  the  actual  atmosphere, 
because  of  viscosity,  turbulence,  surface  obstacles,  horizontal  pres- 
sure gradients,  etc.,  the  departures  from  theoretical  values  are  so 
great  that  it  seems  hardly  necessary  or  even  safe  to  go  beyond 
the  above  simple  and  general  relations. 

Centrifugal  Deflecting  Force  of  Winds. — Usually  the  paths 
of  winds  are  more  or  less  curved,  and  therefore  the  moving  air 
exhibits  a  "  centrifugal  force,"  or  inertia  force  away  from  the 
centre  of  curvature  in  opposition  to  any  applied  "  centripetal 
force."  The  value  of  this  force,  /,  in  the  plane  of  the  curve, 
not  the  plane  of  the  horizon,  is  given  by  the  equation, 


/  = 


mv'- 


in  which  ni  is  the  mass  concerned,  v  its  linear  velocity,  and  r  the 
radius  of  curvature  of  the  path  at  the  place  and  time  under  con- 
sideration, or  radius  of  the  ''  small  circle  "  in  which  the  air  is 


then  moving. 


Relative  Values  of  Centrifugal  and  Rotational  Components. — 
The  ratio  between  the  two  deflective  forces,  rational  and  cen- 
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trifuii^al  ( ccntrifii<;al  action  of  the  earth's  rotation  and  centrifugal 
action  (kic  to  curvature  of  path),  varies  greatly  with  the  velocity 
of  the  wind,  radius  of  curvature  of  its  path,  and  latitude  of  its 
location.  W'itliin  jo  degrees,  at  least,  of  the  equator  cyclonic 
storm  winds  commonly  move  on  curves  whose  radii  are  C(jmpara- 
tively  small,  150  kilometres  (93.2  miles)  or  less,  in  which  case  the 
centrifugal  deflective  force  generally  is  greater  than  the  rotational. 
In  middle  and  higher  latitudes,  however,  the  average  radii  of 
cyclonic  wind-paths  usually  are  much  larger,  say  600  kilometres 
{^^y;^  miles),  and  the  rotational  deflective  force  greater  than  the 
centrifugal. 

A  few  numerical  examples  will  be  interesting.  No  effort  has 
been  made  to  get  average  values,  but  only  such  as  presumably 
often  occur. 


Ratios  of  Deflective  Forces  Under  Given  Conditions. 


Latitude 

Radius  of  curvature 

Gradient  velocity 

Rotational  force 
Centrifugal  force 

Miles 

Miles  per  hoiir 

10° 

20 

80 

1/44 

20° 

30 

70 

1/13 

30° 

100 

50 

10/19 

40° 

400 

40 

10/3 

50° 

400 

35 

14/3 

60° 

400 

35 

26/5 

In  tropical  cyclones,  therefore,  the  pressure  gradient  is 
balanced  mainly  by  the -centrifugal  force,  while  in  those  of  middle 
latitudes  it  is  balanced  chiefly  by  the  rotational  deflective  force. 

Ordinarily,  except  in  the  neighborhood  of  a  well-marked  low, 
the  radius  of  curvature  is  much  larger  than  any  of  the  values 
above  assumed,  and  consequently  the  ratio  of  rotation  to  centrif- 
ugal force  correspondingly  greater. 

Total  Horizontal  Deflecting  Force. — If  the  path  of  the  air 
is  at  all  curved,  as  it  usually  is,  the  total  horizontal  deflecting 
force,  F,  due  to  its  velocity  is  given  by  the  equation, 


F  =  2  rui^vsmo  ^ 


mv' 


in  which  r  =  r'  seca,  /  and  a  being  the  linear  and  angular  radii 
(as  seen  from  the  centre  of  the  earth)  respectively  of  the  ''  small 
circle  "  in  w^hich  the  air  is  moving,  or  r  =  R  tan  a,  R  being  the 
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radius  o\  the  earth,  and  the  other  synihols  have  tlie  ineaninj^s  j;ivcii 
aho\e.  The  positive  si^n  is  used,  or  the  deflective  forces  arc 
adchtive,  in  the  northern  liemisphere  when  the  course  of  the  wind 
is  counter-clockwise;  in  the  southern  hemisphere  when  the  course 
is  clockwise.  The  nej^ative  sign  is  used  in  each  case  when  the  sense 
of  rotation  is  reversed.  In  cyclones,  therefore,  the  total  dellectinj; 
force  is  equal  to  the  sum  of  the  centrifuj^^al  and  rotational  deflec- 
tive forces ;  in  anticyclones  to  their  difTerence. 

When  the  winds  become  approximately  steady  the  deflective 
force  obviously  is  balanced  against  the  gravitational  pressure 
gradient.     In  symbols, 

I   dp  .  V' 

,     =  2  (■>  V  Sin  o  i      ' 
p   an  r 

in  which  p  is  the  density  of  the  air,  dp  the  slight  difference  be- 
tween the  pressures  at  the  ends  of  the  short  horizontal  distance 
dn  at  right  angles  to  the  path  at  the  place  considered.  The  mean- 
ings of  the  other  symbols  are  given  above.  If  the  gradient  is 
zero   (that  is,   if  the  air  moves  without  lateral  restraint),   r  = 

: —  ,  as  previouslv  sho\vn,  or  R  tan  a  -  — 1 —  ;  also,  from 

2u3   SinO  '  1  '  '  2a)  sin^ 

2 

the  equation  just  given,  2  co   v  sin  </>  ±  ^    =  o.      Hence,  under 

the  assumed  conditions,  r  =  R  tan  a  =  x ;  that  is,  a  =  90°,  or  the 
path  is  a  great  circle.  However,  these  latter  e(|uations  have  but 
little  more  than  a  theoretical  interest,  since  without  the  driving 
force  of  a  pressure  gradient  wind  velocity  can  neither  be  acquired 
nor  (because  of  friction)  maintained. 

GRADIENT    WIND. 

Gradient  Velocity. — That  velocity  of  the  air  at  which  the  de- 
flective force  due  to  the  rotation  of  the  earth  and  the  centrifugal 
force  jointly  balance  the  horizontal  pressure  gradient  is  called 
the  gradient  velocity.  It  does  not  occur  near  the  surface  of  the 
earth,  ow^ing  to  surface  friction,  but  ''  from  kite  observations,  it 
appears  that  at  1500  feet  above  the  surface  the  agreement  [be- 
tween the  observed  and  '  gradient '  velocities]  is  generally  very 
close,"  ^^  especially  in  the  absence  of  thunderstorms  and  other 
local  disturbances.  This  does  not  mean  that  the  wnnd  has  the 
same  velocity  at  all  levels  beyond  ^  kilometre,  but  only  that 
above  this  height  the  velocity  of  an  approximately  steady  wind 

^  Shaw,  "  Forecasting  the  Weather,"  p.  45- 
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is  very  nearly  the  ^radieiU  velocity  appropriate  to  the  atmospheric 
density,  horizontal  pressure  gradient,  and  latitude  at  the  place  in 
question. 

1 1"  the  sense  of  rotation  is  that  which  exists  in  a  cyclone,  the 
two  dellective  forces  are  additive,  as  stated  above,  and  the  gradient 
velocity  is  given  by  the  general  equation, 

^'~  i-v/      /   -\- (r  oj  s'm  <;>y^  —  r  cj  <.'mo , (/I) 

\  p  an 

in  which  the  sign  of  the  radical  remains  to  be  determined. 

But  obviously  v  =  o  when    .^   =  o,  as  there  can  be  no  wind 

w^ithout  a  pressure  gradient,  from  which  it  follows  that  the  sign 
of  the  radical  is  positive,  and  that  actually 

/  -  dp 

,,--\l      /+ {r  u)  sin  (py  —  ru}  sin  (p (B) 

^  ~  Y  /'  dn 

Theoretically  this  wind  at  any  place  is  along  the  correspond- 
ing isobar,  parallel,  roughly,  through  the  first  one  or  two  kilo- 
metres of  elevation,  to  the  surface  isobar,  and  always  in  such 
•direction  that  one  moving  with  it  will  have  the  lower  pressure 
to  his  left.  It  must  be  distinctly  noted,  however,  that  the  above 
equations  presuppose  absence  of  friction  and  the  attainment  of  a 
steady  state.  They  therefore  give  the  approximate  wind  velocity 
and  direction  only  for  levels  above  the  appreciable  reach  of  sur- 
face turbulence,  and  even  there  in  the  cases  only  of  smooth  and 
regular  isobars.  Near  the  surface  where  the  velocity  is  checked 
by  friction  the  wind  direction  is  correspondingly  deflected  toward 
the  region  of  lower  pressure. 

In  the  C.  G.  S.  system  of  units : 

V  =  centimetres  per  second. 

,  =  difference  in  dvnes  pressure  per  square  centimetre,  per 

dn  ^  X  X 

centimetre  horizontal  distance  at  right  angles  to  isobars,  r  =  r' 
sec  - ;  7''  =  radius  of  curvature,  in  centimetres,  of  wind-path  at 
time  and  place  of  observation,  not  distance  to  the  centre  of  the 
low;  a.  -  angular  radius,  measured  from  the  centre  of  the  earth, 
of  the  ''  small  circle  "  along  which  the  wind  is  moving.  Ordi- 
narily r  differs  from  r'  by  less  than  i  part  per  lOO,  and  therefore, 
in  practice,  they  may  be  assumed  to  have  equal  values. 
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p  -  <^raminos  of  air  jrt  cubic  ccntinictrc. 

w  =  anisic  throu^li  wliicli  tlu-  earth  turns  per  second        ^^ 

'      MO,  1 64" 

sm  </)  =  natural  sine  ul  the  angle  of  latitude. 
If  the  path  of  the  wind   is  straij^dit    (that  is,  if  there  i.s  nu 
centrifugal  force),  the  equation  for  gradient  velocity  is 

dp 
dn 

V     =    : 

2(->p  Sin  ©* 

In   anticyclonic   regions   gradient   winds,   as  explained,   obey 
the  equation, 


I  dp  .         v\ 

.     =  2u>v  sin0  — 
P  dn  r 


or, 


V  =  r  (0  s'm(j)  ± -x  I  {ro)  sin  <l>y —       ,^ ^^) 

Y  P   dn 

As  above, 

V  =  o  when  ,     =    o. 
dn 

Hence,  in  this  case,  the  sign  of  the  radical  is  negative  and 

zj  =  rw  sin  o  —  «  /  (rw  sin  <^)^  — -^    ,     (■^) 

Obviously,  then,  as  pointed  out  by  Gold,-^^  steady  anticyclonic 
winds  cannot  become  intense,  since  the  maximum  possible  velocity 
is  given  by  the  equation, 

V  max  =  r  w  sin  o. 

For  example,  \i  r  -  500  kilometres,  and  </>  =  40°, 

t;rnax  =  23.4  metres  per  second  =  52.3  miles  per  hour. 

The  gradient  that  produces  this  velocity  is  given  by  the 
equation, 

dp  /    •     V 

-,     =  p  r  (w  sin  0)2. 
dji 

On  substituting  this  gradient  in  the  equation  above  for 
straight  winds,  it  appears  that  it  would  give  the  velocity, 

pr(cosinc>)'^  , 

V  =  : =  •)  r  aj  sin  o. 

2  poi  sin  o 

That  is,  the  limiting  velocity  of  anticyclonic  winds, 

V  max  =  r  w  sin  9, 

"  M.  O.,  No.  190,  "  Barometric  Gradient  and  Wind  Force,"  London, 
1908. 
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is  just  twice  that  which  the  corrcspcjiuhnj;  pressure  j^rachent 
would  give  to  straight  winds. 

Since  "  for  the  time  heing,  we  nia\-  regard  the  gradient  winds 
as  the  hest  estimate  we  can  give  of  the  actual  winds  at,  say,  1500 
feet  ahove  the  surface,"  *'^  it  seemed  advisable  to  construct  tables 
(see  iXppendix),  one  for  cyclonic,  the  other  for  anticyclonic 
conditions,  that  give  the  theoretical  wind  velocities  in  metres  per 
second,  kilometres  per  hour,  and  miles  per  hour  for  various  lati- 
tudes, radii  of  curvattire,  and  ])ressure  gradients,  as  indicated, 
each  to  be  used  in  conjunction,  of  course,  with  the  current  weather 
map,  corrected,  if  need  be,  by  estimation  or  by  special  reports, 
for  the  hours  that  have  elapsed  since  the  observations  were  made 
from  which  it  was  constructed. 

As  the  equations  demand  and  the  tables  indicate,  the  winds  of 
an  anticyclone,  gradient  for  gradient,  latitude  for  latitude,  and 
curvature  for  curvature,  are  stronger,  often  much  stronger,  than 
those  of  a  cyclone.  This  may  seem  to  be  liatly  contradicted  by  the 
fact  that  anticyclones  are  characterized  by  relatively  light  winds, 
but  the  contradiction  is  only  apparent,  for,  as  the  equations  show, 
steep  gradients  cannot  obtain  in  anticyclonic  regions,  nor,  there- 
fore, heavy  winds  except  near  their  borders,  or  when  r  is  large. 
However,  in  general,  strong  anticyclonic  winds  cover  only  a 
narrow  strip  of  territory,  and  their  duration,  therefore,  is  com- 
paratively brief. 

Figs.  35,  36,  and  37  represent  respectively  the  effect  of  lati- 
tude, pressure  gradient,  and  radius  of  curvature  on  the  ''  gradi- 
ent "  velocity,  other  things  in  each  case  being  constant. 

Surface  gradients  and  surface  isobars,  when  well  defined  and 
in  the  absence  of  local  disturbances,  may  be  used  for  approximate 
values  up  to  elevations  of,  roughly,  two  kilometres,  except  wher- 
ever the  horizontal  temperature  gradient  is  steep  and  opposite 
in  direction  to  the  horizontal  pressure  gradient.  In  such  cases  the 
temperature  tends  to  weaken  and  finally  reverse  the  pressure 
gradient  with  increase  of  elevation.  Hence,  since  the  temperature 
gradient  is  nearly  always  more  or  less  poleward,  in  extra-tropical 
regions  the  east  wind  generally  is  the  shallowest  'and  the  least 
likely  to  have,  at  an  elevation  of  two  kilometres,  say,  the  direction 
and  velocity  computed  from  the  surface  system  of  isobars;  and 

^^  Shaw,  "  Forecastmg  the  Weather,"  p.  49. 
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the  west  wnul  the  tlccpcst.  with  direction  and  VL-i.-my  closest  in 
agreement  with  the  vahies  ihu.s  computed.  In  short,  with  increase 
of  elevation  the  isobars,  usnallv  closed  ..n  the  surface,  tend  to 
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MLTERS  PER  SECOND 
Relation  of  gradient  velocity  to  pressure  gradient. 

open  out  and  roughly  to  follow  the  parallels  of  latitude  with  the 
decrease  of  pressure,  at  least  to  well  above  the  troposphere, 
directed  poleward. 

Vol.  184,  No.  1103 — 47 
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Gradient  Velocity  Noinograiii. — The  general  gradient  velocity 
equation,    F  =  2  m  cj  v  s\n<p  ±  "'''"' y    reduces,    on    dividing   by    m,    to 

I  (If>  v'^ 

2  CO  f  SI  n  o  —        ,     =  ±      ' 


du 


the  upper  sign  being  used  for  anticyclones  and  the  lower  for 
cyclones. 

Fig.  37. 
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Relation  of  gradient  velocity  to  radius  of  curvattire. 

A  straight  line  nomogram  that  solves  this  equation  has  been 
constructed  by  Mr.  Herbert  Bell,  of  the  University  of  Michigan, 
after  the  method  developed  by  Professor  d'Ocagne  in  his  "  Traite 
de  Nomographie.'*    The  solution  is  as  follows: 

Writing 

20  dp  .  -       ■    ^ 

U  =  —         ,       and   "iV  =  10='  a;  sin  <!>, 
p  dn 
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u  and  w  being  scales  along  the  lines  x  ~     \o  and  jr  =  lo  respec- 
tively, the  velocity  equation  becomes 

2500  u  -\-  V  w  =  ±  5o,()()() 

which  is  linear  in  u  and  w. 

If,  then,  a  network  is  constructed  of  the  two  families 


V  —  2SOO 

ac  =  10     ^   - (i) 

V  +  2500  ^ 


and 


50,000 
r 

w  4-  2500 

6.25  X 108  (10  4-  xy  . . 

=  ±  —  —    — (2) 

r  10  —  X  ^ 

the  point  c,  say,  determined  by  (i)  and  (2)   from  values  of  v 
and  r,  will  be  collinear  with  the  point  A  on  the  u  scale,  fixed  by 

the  given  value  of    ^  ,  and  the  point  B  on  the  w  scale  indicated 

by  the  latitude. 

The  resulting  diagram,  with  gradients  in  terms  of  millimetres 
difference  of  barometer  reading  per  100  kilometres,  and  velocity 
in  metres  per  second,  is  given  in  Fig.  38. 

To  find  the  gradient  wind  velocity,  connect  the  known  pressure 
gradient  (marked  on  lower  left  border  of  the  diagram)  and  the 
latitude  of  the  place  in  question  (given  on  the  upper  righ.  border) 
with  a  straight  edge  or  stretched  string  and  note  where  it  cuts 
the  curve  representing  the  .radius  of  curvature  of  the  local  isobar. 
For  cyclones  the  vertical  through  this  point  gives  the  required 
velocity  in  metres  per  second.  For  anticyclones  two  velocities 
are  thus  indicated,  but  the  smaller  is  the  one  to  take,  since  it 
alone  is  physically  possible.     See  equations  C  and  D,  above. 

This  nomogram  should  be  used  in  conjunction  with  the  surface 
distribuiion  of  pressure  only  in  the  absence  of  local  disturbances 
(thunderstorms,  squalls,  etc.)  ;  where  the  pressure  gradient  is  well 
defined — isobars  smooth  and  regular,  and  for  elevations  between, 
roughly,  500  and  2000  metres. 

(To  be  continued.) 


EXPERIMENTAL  TEST  OF  THE  WIEDEMANN-KKANZ 
RATIO  THROUGH  A  CHANGE  OF  STATE.'' 

EDWIN   F.   NORTHRUP,   Ph.D., 

PalmiT   Physical   Laboratory,  Princi'ton,  N.J., 
Member  of  the  Institute, 

AND 

FRANK   R.    PRATT. 

The  best  conductors  of  electricity  are,  in  general,  the  1)eNt 
conductors  of  heat.  The  ratio  of  the  thermal  to  the  electrical 
conductivity  for  all  pure  metals  at  the  same  temperature  has 
nearly  the  same  value  when  the  temperature  is  in  the  neighbor- 
hood of  20°  C.  The  value  of  this  ratio  is  assumed  to  be  pro- 
portional to  the  absolute  temperature. 

If  we  call  k  thermal  conductivity,  o-  the  electrical  conductivity, 
a  the  universal  gas-constant,  c  the  electrical  charge  carried  by  a 
univalent  electrolytic  ion,  and  T  the  absolute  temperature,  then 
the  law,  which  has  long  been  known  as  the  result  of  observations 
and  generally  called  the  Wiedemann-Franz  law,  states  that 

A  =    4_/'_«_Y  7^=0.715  .X  io-i«  at  I8°C.> 

This  law  holds  remarkably  well  U)v  pure  metals,  less  accu- 
rately for  alloys,  and  not  at  all  for  poor  conductors.  How  well 
it  holds  for  the  pure  metals  is  exhibited  in  the  table  on  page  68  of 
Campbell  (see  reference  below).  In  this  table  the  observed  value 
given  for  silver  is  0.76  x  lo-^'*  and  for  bismuth  1.068  x  lo-^^  both 
at  18°  C.  Considering  the  large  discrepancy  in  the  resistance 
values  for  silver  and  bismuth,  the  closeness  between  these  nu- 
merical values  is  very  good,  and  the  agreement  l>ctween  both 
values  and  the  value  obtained  above  for  the  ratio,  obtained  upon 
the  basis  of  pure  theory,  is  quite  surprising. 

The  writers  believe  that  any  law  which  is  based  upon  purely 
theoretical  considerations  can  only  be  expected  to  hold  over  a 
comparatively  limited  range  of  variation  of  the  magnitudes 
mutually  related  by  the  law.  If  the  law  can  be  shown  experi- 
mentally to  continue  to  hold  when  some  one  of  the  magnitudes, 

*  Communicated  by  Dr.  Northrup. 

'Consult  Campbell,  "Modern  Electrical  Theory,"  1913  ed.,  pp.  66-68. 
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as  the  temperature,  is  varied  through  a  wide  range,  then  its  use- 
fuhiess  and  universaHty  are  buth  extended. 

The  object  of  the  present  investigation  was  to  determine 
experimentally  if  the  Wiedeniann-Franz  ratio  continues  to  hold 
approximately  true  for  two  typical  metals  which  change  in  re- 
sistance in  opposite  directions  when  these  are  carried  from  the 
solid  into  the  molten  condition.  The  two  metals  chosen  for  study 
were  tin  and  bismuth,  because  both  of  these  metals  have  low  melt- 
ing-points and  both  have  been  very  carefully  investigated  by  the 
first-named  writer  in  respect  to  their  resistivity  characteristics.^ 
Thus,  the  ratio  of  the  electrical  resistivity  just  after  fusion  (47.4 
microhms)  to  its  resistivity  just  before  fusion  (22.0  microhms) 
is  2.154  for  the  metal  tin.  Similar  figures  for  the  metal  bismuth 
are  267  microhms  just  before  fusion  and  127.5  niicrohms  just 
after  fusion,  the  ratio  of  the  latter  to  the  former  being  0.477. 
For  the  Wiedemann-Franz  ratio  to  hold  for  these  two  metals, 
when  carried  from  the  solid  into  the  molten  state,  their  thermal 
resistivities  or  thermal  conductivities  must  likewise  change  in  an 
abrupt  manner  and  in  an  opposite  direction  for  each  of  the  two 
metals. 

The  investigation  which  we  proceed  tO'  describe  is  not  a  first 
attempt  to  obtain  information  on  this  matter.  After  the  pres- 
ent investigation  was  started  an  article  was  found  in  The  Physi- 
cal Society  of  London  Proceedings,  vol  xxvii,  part  iv,  June 
15,  191 5,  p.  307,  on  'The  Change  in  Thermal  Conductivity  of 
Metals  on  Fusion,"  by  Alfred  W.  Porter,  D.Sc,  F.R.S.,  and  F. 
Simeon,  B.Sc,  research  scholar  University  College  of  London. 
Sodium  and  mercury  were  examined  by  these  writers,  using  a 
method  radically  different  from  the  one  employed  by  us.  Metals 
were  placed  in  a  glass  tube,  the  portion  in  the  upper  half  of  the 
tube  being  maintained  molten  and  the  portion  in  the  lower  half 
of  the  tube  being  maintained  solid.  The  ratio'  required  was  ob- 
tained by  comparing  the  slopes  of  the  tangents  to  the  temperature 
gradient  curves  for  the  molten  and  the  solid  portions  of  each 
metal. 

The  results  obtained  seemed  to  indicate  quite  conclusively 
that  the  Wiedemann-Franz  ratio  holds  over  a  change  of  state 

^ "  Resistivity  of  a  Few  Metals  Through  a  Wide  Range  of  Temperature," 
by  Edwin  F.  Northrup  and  V.  A.  Suydam,  Journal  of  The  Franklin  In- 
stitute, February,  191 3. 
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in  the  cases  of  these  two  metals.  llowcver,  as  sodium  and 
mercury  both  increase  in  electrical  resistance  upon  fusion,  it 
seemed  desirable  to  continue  our  investigation  and  extend  the 
inquiry  not  only  to  other  metals  but  to  metals  which  change  in 
resistance  in  opposite  directions  upon  fusion.  b\irthermore,  our 
method  appears  to  us  to  be  one  which  is  not  only  more  extensively 
applicable  but  also  one  which  is  capable  of  yielding  more  precise 
and  certain  results  than  the  one  above  referred  to. 

While  the  method  which  we  are  about  to  describe  is  fully 

Fig.  2. 


capable  of  giving  the  absolute  values  of  the  thermal  resistivities 
before  and  after  fusion,  we  only  attempted,  in  the  present  inves- 
tigation, to  make  an  accurate  determination  of  ratios  for  the 
reason  that  time  w^as  not  available  for  anything  more  extensive. 

DESCRIPTION   OF  METHOD   AND   APPARATUS   EMPLOYED. 

The  method  in  general,  which  we  employed,  consists  in  com- 
paring the  temperature  gradient  betw-een  tw^o  points  in  a  column 
of  the  metal  under  examination  with  the  temperature  gradient 
between  two  points  of  a  cylinder  of  cold-rolled  steel  shafting. 
The  arrangement  provided  gave  assurance  that  the  quantity  of 
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heat  flowing  per  square  centimetre  Ix'tweeii  tlu-  two  teinpcrature- 
poiiUs  ill  tlie  metal  hein*;  iiieasured  and  between  the  two  tenipera- 
turc-points  in  the  steel  cylinder  was  nearly  the  same,  and  that  the 
heat  llow  was  steady  at  the  time  ui  takin^^  an  ohservation.  A 
full  understandings  of  the  method  may  he  best  obtained  by  a  care- 
ful inspection  of  the  cross-sectional  view  of  the  apparatus  em- 
ployed shown  in  Vi^^.  i  and  the  photographic  view  of  the  ap- 
paratus shown  in  Fig.  2. 

Referring  to  Fig.    i.  various  parts  which  arc  Icttere.l   and 
numbered  are  as  follows  : 

1.  Spring  which  allows  the  metal  to  expand  and  contract. 

2.  Rod  supporting  heater. 

3.  Copper  cylinder   which  conducts  heat  to  the  metal. 

4.  Brass  casing  surrounding  heater. 

5.  Brass  frame  supporting  heater. 

6.  Kieselguhr  heat  insulator. 

7.  Mica  insulating  sheets. 

8.  Upper  steel  cylinder. 

9.  Metal  to  be  tested. 

10.  Thermo-elements  in  metal  to  be  tested. 

11.  Thermo-elements  in  lower  steel  cylinder. 

12.  Kieselguhr  heat   insulator. 

13.  Cover  to  pan  containing  boiling  water. 

14.  Rubber  hose  for  conducting  steam  away  from  apparatus. 

16.  Fibrox  heat  insulator. 

17.  Brass  casing  surrounding  lower  steel  cylinder  and  insulation. 

18.  Water   at    100°  C. 

19.  Supporting  tripod. 

G,  H,  I,  J ,  K,  M,  O,  P,  a,  b,  c,  d,  e,  see  description  of  Fig.  2. 

Referring  to  the  photograph  of  the  apparatus,  Fig.  2.  the 
various  lettered  parts  are  as  described  below. 

A,  B,  C,  D,  E,  a  switch  for  shifting  the  lead  wires  F  to  any  pair  of 
wnres  coming  from  the  several  thermo-elements  a,  b.  c,  d,  e.  There  are  two 
binding  posts  near  each  letter.  Lead  wires  F  are  connected  to  the  two 
posts  near  C  in  the  figure. 

F,  two  lead  wires  running  to  the  potentiometer  which  measures  the 
potential  of  the  several  thermocouples. 

G,  screw  with  spring  underneath,  used  to  adjust  the  height  of  heater 
H.    Spring  allows  heater  to  rise  and  fall  as  metal  expands  and  contracts. 

H,  electric  heater,  insulated  nichrome  wire  wound  on  copper  cylinder 
and  covered  with  brass  case. 

/,  hollow  alberene  stone  cylinder.  Hollow  part  contains  the  metal  to  be 
tested,  the  upper  steel  cylinder  and  two  thermocouples,  b  and  c.  Brass  casing 
on  the  outside. 
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/  contains  the  lower  cylinder  of  steel.  lietween  this  cylinder  and  the 
outer  brass  casing  is  the  kiesclKuhr  heat  insulator.  This  lower  steel  cylinder 
contains  the  thermocouples,  a  and  d,  for  measuring  the  heat  gradient  in  the 
steel ;  also  an  extra  thermocouple,  e,  much  lower  down  to  test  for  loss  of  heat. 

A',  lower    pan    containing   boiling    water. 

L,  leads  carrying  direct  electric  current   to  heater  II. 

M,  glass  water  gauge  showing  height  of  water  in  pan  K. 

N,  Dewar  bulb  containing  ice  and  thermocouples. 

O,  Bunsen  burner  for  keeping  water  in  K  at  the  boiling-point. 

P,  thermometer  for  reading  the  temperature  of  water  in  K. 

Q,  Ammeter  for  measuring  the  current  passing  through  heater  H. 

R,  Rheostat  for  controlling  current  in  heater  H. 

Dimensions  of  Heat-Resistance  Apparatus. 

Outside  diameter  of  steel  guard  ring.  / 5.08  cm. 

Inside   diameter   of   steel   guard   ring,   / 2.54  cm. 

Outside   diameter   of    centre    steel   rod 1.80  cm. 

Length   of   lower   steel  cylinder,   / 21.59  cm. 

Length    of    upper    steel    cylinder,    8 2.08  cm. 

Length  of  copper  heater,  3 12.70  cm. 

Diameter  of  outside  brass  shell 12.70  cm. 

Diameter  of  lower  pan,  K 25,40  cm. 

Diameter  of  hole  for  thermocouple  in  guard  ring 0.25  cm. 

Diameter  of  hole   for  thermocouple  in  steel  rod 0.19  cm. 

Distance   from  top  of  lower  cylinder  to   upper  hole i.oo  cm. 

Distance  from  upper  hole  to  next  hole 3.00  cm. 

Distance  between  thermocouples  in  steel  rod 3-00  cm. 

Distance  between  thermocouples  in  metal  used 2.00  cm. 

Length  of  nichrome  wire  in  heater,  about 610.00  cm. 

Width   of    nichrome    wire   in   heater 16  cm. 

Thickness  of  wire  in  heater,  No.  31  B.  &  S. 

Resistance  of  heating  coil 12.95  ohms 

Height    of    lower    pan 10.16  cm. 

DATA    OBTAINED. 

As  the  reliability  and  accuracy  of  the  results  obtained  in  this 
investigation  are  wholly  determined  by  the  consistency  and  re- 
producibility shown  in  the  readings  taken,  we  give  below  in  tab- 
ulated form  the  various  series  of  observations  just  as  they  were 
made. 

Capital  letters,  A^  B,  C,  D,  refer  to  the  lettered  studs  on  the 
thermocouple  switch  (see  Fig.  2).  Small  letters,  a,  b,  c,  d,  refer 
to  the  corresponding  thermocouples  (see  Fig.  i).  Numerals 
refer  to  the  number  of  the  observation  taken  under  a  given  set 
of  conditions. 
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Results  obtained  for  the  metal  tin  follow  below: 

Tin   (Solid). 
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Microvolts 
No. 

I 

2 

3 

4 


.May  16,  iyi5 

Curri-nl,  4.5  amp^rcn 
»  If  C  D 

7618  9481  9205  638 
7623  9497  9230  645 
7650        9520        9247        645 

7655  9533  9248  641 


Temperatures  computed   from  above   data  and   thermal   resistance 
compared  to  steel : 


No.  ii 

1 168.08 

2 168.18 

3 168.71 

4 168.80 


b 
203.68 

^03.98 

204.41 

204.66 


198.49 
198.96 
199.28 
199.30 

Average  temperature  of  tin   202 

Average  temperature  of  steel    162 

Average  resistance  compared  with  steel 0.62 


./ 

Resistance 

155-55 

0.62 

155.52 

0.60 

156.05 

0.61 

156.23 

0.64 

c. 


Microvolts 

No. 

I  


Current,  4.5  amperes 
A  B  C  D 

7722        9616        9330        660 

7729  9618        9330        658 
7728        9618        9335        655 

7730  9620        9333        653 


Temperatures   computed   from  above  data  and  thermal 
resistance  compared  to  steel. 


No.  a 

1    17O.II 

2    170.24 

3   170.22 

4  170.26 


h 
206.21 

206.25 

206.25 

206.28 


d 


Resistance 
0.62 


200.84  157.17 

200.84  157.35  0.63 

200.94  157.39  0.64 

200.90  157.47  065 

Average  temperature  of  tin    204°  C 

Average  temperature  of  steel    164 

Average  resistance  compared  with  steel 0.63 


Microvolts 
No. 

1    

2     

3    


A 

8137 
8192 
8230 


B 
10500 
10538 
10572 


Current,  4.7  amperes 
C  D 


10034 
10072 
IOO91 


783 
778 
783 


Temperatures   computed    from   above   data   and    thermal 
resistance  compared  to  steel. 

2Vo.  a  bed  Resistance 

1  178.13     222.59     213.99     162.92      .85 

2  179.19         223.29         214.69  164.09  .86 

3  179.94         223.91  215.04  164.80  88 

Average  temperature  of  tin   219 

Average  temperature  of  steel    172 

Average  resistance  compared  with  steel 0.86 


C. 
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Tin  (Solid) — Continued. 


Microvolts 
No. 

1  

2  

3  

4  

5  

6  


Current,  4.7  amperes 


A 
8443 
8460 
8470 

8475 
8480 
8488 


li 
10733 
IO74H 

10757 
1075  I 
10752 
10759 


C 
IOI97 

10200 

10205 

10203 

10204 

10202 


D 
810 

810 
805 
805 
805 
810 


184.02 
184.35 
184.54 
184.63 

184.73 
184.88 


Temperatures   computed    from  above   data   and   thermal 
resistance  compared  to  steel. 

j^o.                                   abed  Resistance 

1   184.02     226.86  217.00      168.37  .94 

2    i»4.35           227.14  217.06           168.71  .97 

227.30  217.15           169.00  .98 

227.19  217.12           169.10  .96 

227.21  217.13           169.19  .97 

227.34  217.10           169.23  .98 


Average  temperature  of  tin    222    C 

Average  temperature  of  steel    I77 

Average  resistance  compared  with  steel 0.97 


Tin  (Molten). 

Microvolts 

No.                                    A  B 

I  I1628  14705 

2  II937  14907 

3  11991  15050 

4  12026  1 5 100 

5  12103  15154 

6  12134  15160 

7  12152  15190 

8  12185  15245 

9  12210  15268 

10  12226  15275 

11  12228  15260 

12  12227  15272 

13  12238  15287 

Temperatures  computed  from 

resistance  compared  to  steel. 

No.                             a  b 

1  243.13  297.35 

2  248.70  300.85 

3  249.67  303.28 

4  250.29  304.14 

5  251.66  305.07 

6  252.22  305.17 

7  252.52  305.69 

8  253.13  306.62 


Currents,  5  amperes 


C 

D 

12680 

1495 

12903 

1497 

12962 

1517 

13022 

1518 

13092 

1525 

13140 

151O 

13146 

1507 

13196 

1533 

13205 

1524 

13218 

1508 

13222 

1520 

13212 

1529 

13223 

1522 

above 

data  and 

thermal 

c 

d 

Resistance 

261.94 

215 

76 

1.94 

265.88 

221 

.49 

1.90 

266.93 

222 

II 

1.98 

268.99 

222. 

74 

1. 91 

269.22 

224.03 

1.95 

270.06 

224 

87 

1.93 

270.17 

225.25 

1.96 

270.29 

225.38 

1.96 
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Tin  (Molten) — Continued 

No.  a 

9    253-58 

10    253.86 

11    253.90 


12 

13 


253.88 
254.08 


h 
30701 

307. 1 3 
30^).88 
307.08 
30734 


27 1.  J I 

271.44 
271.51 

271  53 

271,52 
Average  temperature  of  tin 

Average  temperature  of  sted    235 

Average  resistance  compared  with  steel 194 


d 
226.00 

226.59 

226.41 

22(i.23 
22fy^^ 


Rckittancc 

1.95 

1.95 

1.93 

1.93 

1-95 
. . .  285'  C. 


Microvolts 
No. 

I 

2 

3 
4 

5 


.4  B 

.  12238  15305 

.  12247  1 53 10 

, .  12248  15303 

..  12243  15330 

..  12243  15284 

Average  12243  15306 


c 

13232 

13243 

13227 

13240 

13235 
13239 


May  9,  1916 

Current,  5.9  amp^et 

D 


1527 
I512 
1530 
1520 
1532 
1524 


Computed  temperatures  in 

a  b 

254.17  307.66 


C.  from  above  data. 

c  d 

271.81  226.61 

Average  temperature  of  tin    290 **  C. 

Average  temperature  of  steel    240 

Average  resistance  compared  with  steel 1.95 


May  16,  1916 

Current,  6.5  amperes 
B  CD 

16420  I4212  1738 

16450  14248  1737 

3   12990  16475  14293  1743 

Computed  temperatures  and  thermal  resistances  com- 
pared to  steel. 


Microvohs 

No.  A 

1    12937 

2    12968 


{  Temperatures 

No.  a  b  c  d 

\      I    266.52  326.60  288.82  235.36 

2 267.10  327'^^  289.46  235.94 

3  267.51  327  33  289.90  236.24 


Resistance 
1.82 

I.81 

I.81 

. .  308°  C. 


Average  temperature  ot  tm    

Average  temperature  of  steel    252 

Average  resistance  compared  with  steel 181 


Microvolts 

No.  A 

1     13032 

2    13040 

3   13044 

4   13050 


Current,  6.5  amperes 
BCD 
16478  14309  "^737 

i6a^2  14305  ^722 

16450  14314  1718 

16468  14323  1719 
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Tin  (Molten) — Continued. 


Temperatures 
No.  (I 

1    268.16 

2    268.30 

3   268.37 


327-58 

327-31 
327.11 

327.41 


290.51 
290.44 

290.59 

.  .  .  .    268.47  327.41  290.75 

Average  temperature  of  tin    309*'  C. 

Average  temperature  of  steel    253 

Average  resistance  compared  with  steel 1.79 


Thermal  resistance 

d  Resistance 

237.11  1.79 

237.53  1.80 

237.67  1.79 

237.76  1.79 


Microvolts 

No.  .4 

1     13057 

2     13074 

3    13072 


Current,  6.5  amperes 
BCD 
16482  14342  1727 

16480        14340        1720 

16470        14332        1720 


Fig.  3. 
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Tin  {Molten)— Continued. 

Temppraturrs 


Ihcrmal  Rciiitance 
./  Rr,. 

1.78 
178 
1.78 


268.60     32765      291.08     237.74 

2 268.QO      32761      291.04      238.18 

3 2()8.S7  327.44  J90.90  238.14 

Average  temperature  of  tin 310°  C. 

Average  temperature  of  steel 254 

Average  resistance  compared  with  steel . .        1 .78 

The  results  of  these  observation.s  are  summarized  and  em- 
bodied in  the  curve  for  tin,  Fig.  3. 

A  series  of  observations  obtained  for  the  metal  bismuth  are 
presented  in  the  following  tabulations : 


Bismuth  (Solid). 


Microvolts  by  potentiometer 


No. 
I 

2 
3 

4 

5 


.4 
5923 

5928 

5940 
5949 
5950 


B 
9207 
9220 
9230 
9230 
9232 


May  30.  igi6 
Current,  4  amjert-s 


Computed    temperatures    for  each    No, 
(thermal)  compared  with  stttl. 

No.  a  h  c 

I  134.35      198.59  162.34 

2 134.45      198.78  162.79 

3 134.69     198.96  162.83 

4 134.87     198.96  162.71 

5  134.89    199.00  162.84 


c 

7325 
7348 
7350 
7344 
7350 

and 


D 
327 

333 

330 

332 

resistance 


d 
140.97 
141. 19 

141.41 
141-56 
141.62 


Average  temperature  of  bismuth 180.69' 

Average  temperature  of  steel 137.96 

Average  resistance  compared  with  steel      8.09 


Resistance 
8.20 

8.00 
8.07 

8.13 

8.07 
'  c. 


Microvolts 
No. 

1     

2     

3    

4    

5    


.4 
6602 


6618 

6627 

6634 

6650 

Computed  temperatures  in  °  C.  for  each  No.  and  thermal 
resistance  compared   with   steel. 


B 
11537 

ii552 
1 1 567 

1 1 594 
11614 


Current,  4.5  amperes 

C  D 

8779  470 

8813  470 

8828  470 

8827  475 

8844  480 


No. 

1  . 

2  . 

3  . 

4  • 

5  . 


148.04 
148.36 
148.56 
148.68 
149.00 


b 
241.49 
241.76 
242.03 
242.52 
242.88 


190.43 
191.08 
191.36 
191.34 
191.67 


d 
157.37 

157-68 
157-86 
158.09 
158.51 


Resistance 
8.21 

8.15 
8.17 
8.21 

8.38 


Average  temperature  of  bismuth    216.62**  C. 

Average  temperature  of  steel     153-23    C. 

Average  resistance  compared  with  steel..       8.22 


686 


Edwin   F.    Xorthiuji'  and  Frank   R.    Pratt.    [J- F.  I. 


Bismuth  (Molten) — Continued. 


(    Microvolts 
No. 
I     


3 
4 
5 
No. 
I 


A 
7213 

7227 

7244 

7257 
7266 


160.15  265.35 

2 160.42  265.62 

3  160.76  265.53 

4 161. 01  265.30 

5  161. 19  265.39 


Average   temperature   of 
Average    temperature    of 
Average  resistance  compared  with 


B 
12873 

12888 
12883 
12870 
12875 


208.49 
208.58 
208.79 
209.03 
209.05 
bismuth, 
steel.  . . 


Current,  4.8  ami)feres 


C 

9738 

9743 
9754 
9767 
9768 


D 
640 

644 

602 

603 

597 

Resistance 


172.65  6.82 

172.99  6.81 

172.51  7.21 

172.78  7.18 

172.84  7.26 

237.I3°C. 

166.67 

steel.  .       7.06 


Microvolts  by  potentiometer. 
Thermocouples  A 

9685 

No.  I  9885 

10075 
1 1620 

Average  ....  10316 


No.    2    . 
Average 


10034 
10040 
10037 


B 
17363 

17395 
I7IIO 

17097 

1 724 1 

17067 

17045 
17056 


May  23,  1916 
Current,  5.9  amperes 

C  D 

13326        1248 

13352  1260 

13258  1235 

13250  1230 

13297  1243 


13230 
I32IO 
13220 


I215 
I2I0 
I2I2 


No.  3 


Average 


10392 
T0383 
10389 
10382 
T0390 
10384 
10400 

10398 
10390 


17143 
17116 
17127 
17132 
17145 
17156 
17158 

17155 
17141 


13307 
13290 
13285 
13298 
13292 
13300 
13300 
13300 
13297 


1227 
1220 
1224 
1225 
1230 
1228 
1230 
1230 
1227 


Computed  temperatures  in  °  C,  using  average  potential 


No.  I  219.20 

No.  2  214.04 

No.  3  220.57 


b 
340.41 
33730 


272.83 
271.47 
27283 


d 
196.00 
191.30 
197.70 


Average  temperatures  of  the  bismuth  and  steel  between 
thermocouples.     Thermal  resistance  compared  to  steel. 


-Nov.,  ioi;.l    Tn.sr  m-  iiik  \\'ii:i)kmann-Fkan/  1\  a  i  i 
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BisMi'TH  (MolU'ii) — Continued. 

No.  I  N<i.  2  Nu.  .1  Avrrage 

Risimitli   tciiipcrature    306.6J  304.36  305. 78  305.59 

1    Stcd    temperature     jo7.(x)  20^.(17  J09.13  20().70 

[  Resistance    4.37  4.35  4.33          4.35 

These  avci-ai;c  \aluc,s  al  the  ri«;lu  ^ivc  llic  «>nl\  ixjint  lOuii  I 
for  molten  bismuth.  Xo  i)()iin  clo.ser  to  the  melling-ixjint  could 
have  been  found,  because  the  meltiui^-poini  (.1*  bismuth  is  2(>9°  C. 
and  the  cooler  thcruKKn^uple  c  registers  only  2y2   ,  which  shows 

Fu;.  4. 
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that  the  cooler  part  of  the  bismuth  was  just  above  the  melting- 
point.  No  point  at  a  higher  temperature  could  be  found,  be- 
cause the  nichrome  wire  used  in  the  heater  was  at  a  bright  red 
heat  to  obtain  the  above.  Any  higher  temperature  would  have 
melted  the  wire. 
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The  curve  fur  bisiiuitli  (Fig.  4)  suniinarizes  and  embodies  the 
observations  given  in  the  above  tabulations. 

A  detailed  description  of  the  many  precautions  and  arrange- 
ments employed  to  insure  accuracy  would  be  beyond  the  limits 
of  our  space  for  this  article,  but  we  can  assure  those  interested 
that  aJl  the  observations  were  taken  with  extreme  care,  and  we 
feel  certain  that  no  errors  of  any  considerable  magnitude  have 
crept  into  the  observations.  The  conclusion,  therefore,  is  inevita- 
ble that  the  thermal  resistance  characteristics  for  both  tin  and 
bismuth,  when  these  metals  pass  from  the  solid  into  the  molten 
state,  are  substantially  the  same  as  the  electrical  resistance  char- 
acteristics, and  therefore  we  can  assert  that  the  Wiedemann- 
Franz  ratio  holds,  at  least  to  a  first  approximation,  when  the 
metals  tin  and  bismuth  pass  through  a  change  of  state.  As  the 
same  was  found  to  be  true  by  other  observers  for  the  metals 
mercury  and  sodium,  the  presumption  is  strong  that  the  same  is 
true  for  other  metals  which  have  not  yet  been  examined. 

Palmer  Physical  Laboratory, 
Princeton,  N.  J., 
May,  1917. 


The  Air-cooled  Automobile  Engine.  Anox.  (The  Aiitoca/r, 
vol.  xxxix,  No.  1 145,  p.  311,  September  29,  1917.) — Whatever  may 
be  said  about  the  heavier  cars,  air-cooling  will  always  possess  a 
special  attraction  for  the  designer  of  light  cars.  It  diminishes  weight, 
it  reduces  the  cost  of  manufacture,  and  it  simplifies  upkeep.  Air- 
cooling,  as  has  been  repeatedly  pointed  out,  is  making  great  strides, 
thanks  to  aviation ;  cylinder  distortion  is  being  eliminated ;  cooling  is 
being  improved  by  better  material  and  sounder  constructional 
methods,  and  weight  is  being  reduced  in  an  almost  incredible  ratio. 

Of  all  types  of  air-cooled  engine,  the  radial  is  possibly  the  most 
attractive.  It  can  be  mounted  at  the  extreme  nose  of  the  chassis, 
where  it  will  not  be  unsightly  and  where  all  of  its  cylinders  will  get 
an  even  cooling  blast  with  a  fan  on  the  reverse  side  if  necessary. 
Its  short  crank-shaft  and  other  constructional  details  endow  it  w^th 
amazing  power-to-weight  ratios.  Already  we  have  a  flat  air-cooled 
twin  engine  at  three  pounds  per  horsepower.  The  radial  engine  is 
extremely  shallow,  and  would  allow  the  car  builder  an  extra  two 
feet  of  space  along  the  chassis.  There  is  no  need  for  the  large  num- 
ber of  cylinders  used  in  air  propulsion  to  secure  a  satisfactory 
balance.  A  20-horsepower,  800-pound  vehicle  is  probably  practi- 
cable. The  type  is  perhaps  suited  only  to  comparatively  low  horse- 
powers, as  the  crank-shaft  centre  would  come  too  high  up  if  the 
cylinder  were  at  all  large. 


THE  DETERIORATING  ACTION  OF  SALT  AND  BRINE 
ON  REINFORCED  CONCRETE.* 

BV 

HENRY  JERMAIN   MAUDE  CREIGHTON. 

Department  of  Chemistry,   Swartlimorc  College. 
Member  of  the  Institute. 

At  the  present  time,  when  concrete  structures  are  being 
erected  throughout  the  country  for  all  manner  of  purposes,  it  is 
of  the  greatest  importance  that  the  limitations,  the  durability, 
and  the  causes  of  the  deterioration  of  reinforced  concrete  should 
be  thoroughly  understood.  Within  the  past  few  years  the  num- 
ber of  reinforced  concrete  structures  has  l^een  increasing  so 
rapidly  that  to-day  concrete  has  replaced  brick  and  stone  to  a  large 
extent.  Since  most  of  our  oldest  reinforced  concrete  is  not  over 
fifteen  to  eighteen  years  old,  who  can  predict,  from  so  short  a 
period  of  observation,  its  condition  twenty-five  or  fifty  years 
hence  ? 

During  the  past  few  years  there  has  been  considerable  dis- 
cussion regarding  the  durability  of  concrete,  and  there  exists  a 
certain  amount  of  disagreement  on  the  matter.  There  appeared 
in  Engineering  Xezi'S  of  April  4,  191 2,  wherein  is  published  a 
report  of  the  American  Society  for  Testing  T^Iaterials'  meeting, 
the  following  sentence:  "The  report  of  the  water-proofing 
committee  brought  about  some  excited  discussions,  during  which 
several  persons  affirmed  their  belief  in  the  imperishability  of  con- 
crete and  protested  against  any  hint  of  any  other  possibility." 
However,  though  ''  it  is  no  doubt  true  that  many  diseases  can 
be  cured  by  a  practitioner  who  strenuously  denies  their  existence 
and  thus  encourages  the  patient  to  resist  and  overcome  them, 
it  can  hardly  be  expected  that  defective  concrete  walls  or  dis- 
integrating piers  can  be  strengthened  by  '  absent  treatment,'  how- 
ever vigorous  be  the  denial  of  the  injury  or  however  prominent 
the  denier."  It  is  much  better  to  look  facts  in  the  face  and 
attempt  to  find  a  remedy. 

Sea-water,  one  of  the  agents  which  brings  about  the  disui- 
teofration  of  concrete,  attracted  the  attention  of  users  of  cement 


*  Communicated  by  Professor  Creighton. 
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soon  alter  it  was  first  employed  in  marine  construction.  Although 
a  great  deal  of  non-reinforced  concrete  lias  withstood  the  action 
of  the  sea  u|)  to  the  present,  and  will  probably  continue  to  do  so, 
still  some  of  it  has  failed.  Although  the  cause  of  this  disintegra- 
tion is  not  definitely  known,  Le  Chatelier  and  others  point  out  ^ 
that  it  can  probably  be  ascribed  to  a  reaction  between  the  mag- 
nesium sulphate  of  the  sea-water  and  the  lime  of  the  cement 
(formed  during  setting)  and  the  alumina  of  the  aluminates  of 
the  cement,  the  result  being  the  formation  of  magnesium  hydrate 
and  calcium  sulpho-aluminate,  which  crystallizes  with  a  large 
number  of  molecules  of  water.  Notwithstanding  that  the  other 
components  of  sea-water  have  usually  been  considered  as  having 
little  effect  on  concrete,  attention  has  recently  been  called  to  the 
fact  that  both  sodium  chloride  and  magnesium  chloride  rapidly 
react  with  the  silicates  in  concrete. - 

In  the  laboratory  it  is  possible  to  destroy,  almost  completely^ 
small  cylinders  or  other  forms  of  concrete  or  cement  mortar  by 
the  action  of  solutions  of  various  salts.  The  ''  Action  of  the 
salts  in  alkali  water  and  sea- water  on  cement  "  has  been  the 
subject  of  a  lengthy  investigation  by  Bates,  Phillips  and  Wig, 
of  the  U.  S.  Bureau  of  Standards,  and  their  results  have  been 
published  ^  under  the  foregoing  title.  This  investigation  was 
undertaken  in  consequence  of  disintegration  of  concrete,  through 
the  action  of  water  containing  magnesium  and  sodium  sulphates, 
occurring  in  several  irrigation  projects  in  some  of  the  Western 
states ;  and  for  the  purpose  of  determining  the  action  of  various 
single  and  mixed  salt  solutions  on  concrete  and  cement.  The 
salt  solutions  were  allowed  to  percolate  through  hollow  cement 
cylinders  closed  at  one  end,  and  it  was  found  that  any  cement 
mortar  may  be  destroyed  if  a  sufficient  amount  of  salt  accumu- 
lates and  crystallizes  out.  It  was  also  found  that,  in  general, 
chloride  solutions  were  more  active  than  sulphate  solutions  in 
removing  lime  from  concrete,  but  that  mixed  chloride  and  sulphate 
solutions  were  more  active  than  solutions  of  single  salts. 

^  Le  Chatelier,  Tonindustrie  Zeitiing,  33,  931;  Chandlot,  "  Ciments  et 
Chaux  Hydrauliques,"  p.  306;  Michaelis,  Bui.  de  la  Soc.  D'Encourag.  de  I'Ind., 
June,  1897. 

^Chandlot,  loc  cit.;  Michaelis,  Bui.  de  la  Soc.  D'Encourag.  de  I'Ind.,  682, 
1890;  D'Rohan,  Eng.  Record,  July  20,  1910. 

'  Bur.  of  Standards,  Techn.  Paper  12,  Jour.  Franklin  Inst.,  175,  65. 
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According  to  a  \\\'v\n  \\'\unl  '  hy  J.  L.  Ilarris.m.  District 
Engineer,  lloilo.  tlic  cracking  o{  reinforced  concrete  structnres 
is  markedly  i)revalent  in  the  Thilippine  Islands.  A  study  of 
this  tronhle  has  shown  that  not  a  single  structure  showing 
rusted  sieel  has  been  free  from  salt,  the  percentage  of  which 
varies  considerably,  in  view  of  this,  engineers  in  the  Philii>- 
pines  have  been  advised  that  not  only  is  the  use  of  salt  water 
dangerous  in  concrete  structures,  but  that  beach  sand  and  iK-ach 
gravel  should  be  employed  only  after  having  been  thoroughlv 
washed  with  fresh  water. 

The  foregoing,  and  many  other  similar  pieces  of  evidence, 
indicate  that  salt  and  brine  exert  a  deteriorating  action  on  con- 
crete. 

In  this  paper  the  writer  wishes  to  give  a  brief  acc(nint  of 
observations  on  the  deterioration  of  reinforced  concrete  bv  salt 
and  brine,  which  were  made  by  him,  a  few  years  ago.  while 
examining  a  large  number  of  reinforced  concrete  structures  in 
different  parts  of  the  country. 

In  order  that  the  deteriorating  action  of  salt  water  on  iron 
may  be  better  understood,  the  probable  reactions  which  occur 
wdien  this  metal  comes  in  contact  with  a  salt  solution  will  be 
briefly  discussed. 

When  a  piece  of  iron  is  placed  in  distilled  water,  it  becomes 
negatively  charged,  since  its  electrolytic  solution  pressure  (  whicli 
is  equal  to  1.2  x  lO"^  atmospheres)  causes  atoms  of  the  metal  to 
pass  into  solution  in  the  form  of  positively  charged  ions,  leaving 
an  equivalent  number  of  negative  charges  behind  on  the  bar  of 
metal.  In  spite  of  the  large  electrolytic  solution  pressure  of 
iron,  only  a  vanishingly  small  quantity  of  it  passes  into  solution 
in  the  form  of  ions,  and,  consequently,  the  bar  of  metal  receives 
but  a  very  small  negative  charge.  This  is  due  to  the  fact  that 
when  a  ferrous-ion  with  its  large  positive  charge  (2  x  96,500 
coulombs  for  every  gramme-ion  of  the  metal)  leaves  the  bar  of 
neutral  metal  the  latter  acquires  a  correspondingly  large  negative 
charge;  it  therefore  becomes  more  difticult  for  a  second  ferrous- 
ion  to  go  into  solution,  owing  to  the  attraction  between  the  unlike 
charges ;  and  it  is  still  more  difficult  for  a  third  ion  to  leave  the 
metal,  and  so  on.  Very  soon,  therefore,  the  negative  charges 
upon  the  bar  of  metal  become  sufficient  to  prevent  further  fer- 

*  Bulletin  of  the  Bureau  of  Public  Works,  October,  1916. 
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rous-ions  from  going  into  solution,  and  equilibrium  occurs;  and, 
unless  these  negative  charges  are  removed  from  the  metal,  no 
more  iron  can  pass  into  sohition.  Suppose,  now,  that  common 
salt  be  added  to  the  water  containing  the  bar  of  iron.  On  dis- 
solving, this  electrolyte  largely  dissociates  into  its  ions,  and  it 
may  be  assumed  that  hydrolysis  takes  place,  although  to  a  most 
limited  extent,  in  accordance  with  the  equation : 

NaCl  i-  H20:±::;:NaOH   !   HCl. 

The  concentration  of  these  new  substances  being  extremely  small, 
they  dissociate  practically  completely  and  give  rise  to  negatively 
charged  hydroxyl  ions  and  positively  charged  hydrogen  ions : 

NaOH:±:^Na+  +  (OH)" 
HC1:^H  +  +  CI- 

The  hydroxyl  ions  then  unite  with  the  ferrous-ions,  that  have 
passed  into  solution  from  the  bar  of  metal,  to  form  undissociated 
ferrous  hydroxide: 

Fe++    +  2(OU)~^—^Fe(Oll).. 

which  gradually  precipitates  as  an  hydrated  oxide.  The  presence 
of  dissolved  oxygen  in  the  solution  would,  of  course,  gradually 
convert  the  oxide  and  ferrous  hydroxide  into  the  corresponding 
ferric  compounds. 

The  negative  charges  upon  the  bar  of  iron,  which  were  in 
equilibrium  with  the  ferrous-ions  before  the  addition  of  the 
sodium  chloride,  now  attract  the  positively  charged  hydrogen 
ions,  the  electrolytic  solution  pressure  of  hydrogen  being  much 
less  (9.9  X  lO"^  atmospheres)  than  that  of  iron  and  very  much 
less  than  that  of  sodium  ( >  10  *^  atmospheres).  In  consequence 
of  this  attraction,  hydrogen  ions  move  towards  the  negatively 
charged  iron  bar,  touch  it  and  become  neutral,  gaseous  hydrogen 
atoms.  The  negative  charges  on  the  bar  being  thus  diminished, 
more  iron  enters  the  solution  in  the  form  of  ferrous-ions,  and 
the  foregoing  process  occurs  again,  and  so  on.  In  this  way  the 
bar  of  iron  gradually  disappears  and  iron  oxide  and  hydrated 
oxide  accumulate. 
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The  nascent  hydro^i^cn  which  is  pro(hicc(l  on  tlic  har  may  hi- 
absorhed  hy  the  iron;  it  may  l)e  oxidized  hy  the  oxygen  dis- 
solved in  the  sohition,  or  it  may  he  hheraled  as  a  gas.  In  order 
to  determine  whether  gaseous  hych'ogen  is  ever  liberated  under 
the  foregoing  conditions,  the  writer  immersed  a  number  of  pieces 
of  iron  in  dilute  aqueous  solutions  of  sodium  chloride  contained 
in  glass  tubes  with  a  capillary  top,  and  connected  at  the 
bottom  with  a  small  glass  tul)e  beni  upwards  ai  right  angles. 
Before  being  introduced  into  the  glass  tubes,  the  salt  solution 
was  boiled  to  remove  the  air,  and  afterwards,  l>efore  sealing  off 
the  tip  of  the  capillary,  a  high  vacuum  was  applied  to  the  solu- 
tion for  some  time.  It  was  found  that  in  all  the  tubes  a  grayish- 
green  deposit  slowly  accumulated  near  the  bottom,  and  at  the  end 
of  several  months  a  small  quantity  (o.  i  to  0.2  c.c.)  of  gas  had 
formed  in  three  of  the  tubes.  This  gas  proved  to  l>e  mostly 
hydrogen. 

In  addition  to  the  corrosion  of  iron  through  the  action  of 
brine  by  the  processes  just  outlined,  auto-electrolysis  may  occur 
on  account  of  the  presence  of  segregated  impurities  which  are 
responsible  for  the  differences  of  potential  established  in  certain 
areas.  These  potential  differences  bring  about  a  galvanic  action 
which  causes  the  iron  to  go  into  solution  at  certain  points  with 
the  formation  of  rust. 

From  w^hat  has  been  said,  it  is  clear  that  reinforced  concrete 
which  comes  in  contact  with  brine  or  sea-water,  unless  rendered 
absolutely  impervious,  will  commence  to  deteriorate  as  soon  as 
the  brine  comes  in  contact  with  the  reinforcing  rods;  for,  as 
both  iron  oxide  and  the  hydrated  oxide  occupy  a  larger  volume 
than  the  corresponding  amount  of  iron,  there  will  be  developed 
an  enormous  expansive  force  which  is  sufficient  to  crack  the 
strongest  concrete  and  force  it  away  from  the  reinforcing  rods. 
The  more  porous  the  concrete,  the  more  rapidly  will  this  action 
take  place.  Indeed,  the  writer  is  familiar  with  cases  of  cinder 
concrete  structures,  in  contact  with  brine,  which  have  shown 
signs  of  advanced  deterioration  at  the  end  of  a  year. 

Regarding  the  water-proofing  of  concrete,  it  should  be  pointed 
out  that  an  impervious  concrete  is  probably  never  obtained  out- 
side the  laboratory.  The  average  concrete  is  practicaH\-  never 
water-proof.  Although  there  are  many  substances  on  the  mar- 
ket  for  rendering  concrete   water-proof,  the  majority  of  them 
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is  far  from  satisfactory.  A  nuinlxT  of  such  instances  has 
l)ccn  invcstij^atcd  by  I'rown,"'  wlio  points  out  that  all  water- 
prootin^  materials  will  sooner  or  later  hydrolyze,  crack,  or  dis- 
integ^rate. 

Fk;.  I. 


Since  most  concrete  is  more  or  less  porous  to  moisture,  and 
since  iron  undergoes  gradual  decomposition,  in  the  presence  of 
salt  water,  with   consequent   expansion   in  volume,   it  is   to   be 

^The  Electrician,  69,  915   (1912). 
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expected  that  reinforced  concrete  which  comes  in  contact  with 
brine  or  saU  and  moistnre  will  nlliniately  disinte^^rate.  It  is 
not  surprisini^-,  therefore,  to  find  throni^diont  the  conntry  rein- 
forced concrete  piers,  sea  walls,  and  huildin^^s  in  the  nei^dibor- 
hood  (vt  the  ocean  in  \arious  slaj^es  of  deterioration.  'The  cracks 
which  occur  in  such  comrete  usually  run  parallel  to  the  rein- 
forcings  rods.  These  cracks  are  \er\  narrow  at  first,  hut  as  the 
decomposition  of  the  iron  procuresses  they  ])econie  iron-stained, 
gradually  increase  in  width,  and,  finally,  the  concrete  is  forced 
so  far  from  the  reinforcing  rods  by  the  pressure  of  the  accumu- 
lating iron  oxide  that  large  pieces  of  it  break  off. 

Fig.  2. 


In  many  parts  of  the  country  to-day  there  are  reinforced 
concrete  structures  housing  industries  that  use  large  cpiantities 
of  salt  and  brine,  wdiich  are  constantly  spilled  on  the  floors. 
In  order  to  ascertain  whether  the  concrete  of  such  buildings  has 
undergone  any  deterioration,  the  writer  a  few  years  ago  examined 
a  large  number  of  them  in  different  cities  throughout  the  country. 
In  practically  all  the  buildings  inspected,  reinforced  concrete 
floors  w^hich  came  in  contact  with  brine  had  iron-stained  cracks 
on  the  under  side.  Usually  these  cracks  were  very  narrow%  but 
they  indicated,  nevertheless,  deterioration  of  the  reinforcements, 
and  w^ould  continue  to  grow^  as  the  disintegration  of  the  iron 
progressed.  Fig.  i,  which  is  a  photograph  of  the  ceiling  of  a  large 
reinforced  concrete  building  in  Detroit,  the  floors  of  which  are 
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continually  wcl  wiili  l)rine,  is  a  typical  example  of  one  of  these 
iron-stained  cracks  in  the  early  stages,  and  Mg.  2  shows  a  cracked 
horizontal  beam  supporting  the  lloor  of  a  reinforced  concrete 
building  in  Chicago.  In  many  instances  the  cracks  were  found 
to  vary  from  '/<i  to  )4  '^i^'^i  in  width,  and  in  some  cases  deteriora- 
tion had  progressed  so  far  that  large  pieces  of  concrete  had  fallen, 
or  were  about  to  fall,  leaving  the  badly  corroded  reinforcements 

Fic.    3. 


exposed,  as  illustrated  by  Fig.  3  (photograph  taken  in  Buffalo). 
An  examination  of  a  number  of  pieces  of  this  fallen  concrete 
showed  that  in  every  case  a  quantity  of  iron  oxide  adhered  to  the 
concrete  where  it  had  come  in  contact  wnth  the  reinforcing  rods 
(Fig.  4),  and  that  it  was  sometimes  as  thick  as  %  inch.  Where 
the  concrete  had  broken  away  from  the  reinforcements,  the 
latter  were  usually  so  badly  corroded  that  it  was  possible  to 
remove  thick  layers  of  oxide  with  the  fingers.  In  a  few  cases 
the  deterioration  had  progressed  to  such  an  extent  that  the  rein- 
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forccments  had  been  comijlctcly  cniucTicd  into  oxide,  l-'i^.  5 
shows  pieces  of  iron  oxide,  '  s  to  •  ,,j  inch  thick,  which  were 
pulled  away  from  corroded  reinforcinj;^^  rods  (.r  heanis  with  the 


fingers. 


Fi<;.  4- 


A  few  details  regarding  particular  cases  of  deterioration  met 
with  in  some  of  the  reinforced  concrete  structures  examined  may 
be  of  interest. 

The  ceiling  of  a  machine  shop  of  a  large  reinforced  concrete 
plant  in  East  St.  Louis  was  found  to  be  very  badly  damaged. 


698 


1Ii:m<\     |i:kmain   Maidk  Cki;i(;iiton. 


[J.  F.  I. 


This  building-,  at  the  time  of  inspection,  was  about  ten  years  old. 
The  upper  side  of  the  ceih'n<(  was  continually  wet  with  brine, 
which  constantly  leaked  through  to  the  under  side  and  wetted 
it  in  a  number  of  places.  On  this  ceiling  large,  brown  iron- 
stains  were  numerous  and  in  al  least  twenty  places  pieces  of 
concrete  had   fallen,  leaving  badly  corroded,  net-iron  reinforce- 

FiG.  5. 


ments  exposfd.  In  one  place  a  piece  of  concrete  twelve  feet  long 
and  varying  from  two  to  eighteen  inches  in  width  had  broken 
away.  The  reinforcements  of  this  ceiling  were  imbedded  at  a 
depth  of  about  ^  inch  from  the  surface.  Photographs  of  this 
ceiling  are  shown  in  Figs.  6,  7  and  8.  Examples  similar  to  these 
have  been  observed  by  the  waiter  in  Chicago,  Kansas  City,  Detroit, 
and  Bufifalo. 
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At  a  plant  in  Kansas  City  there  was  found  a  very  interesting 
cracked  reinforced  concrete  pillar  which  supported  a  reinforced 
concrete  platform  at  the  top  of  an  outside  staircase.  Larj^e 
cjuantities  of  salt  were  used  in  the  plant,  and  the  platform  was 
often  wet  with  brine.  The  cracks  on  the  pillar  ran  parallel  to 
the  longitudinal  reinforcin^i:  rods.  In  some  places  the  concrete 
had  fallen  away  from  the  rods,  wdiich  were  badly  corrcKled,  and 
in  others  portions  of  the  concrete  were  easilv  ])ulled  awav.  A 
phot(\c:ra])h  of  this  pillar  is  shown  in  V\i^.  (). 

Fu;.  6. 


At  another  plant  in  this  city  there  was  a  long  outside  platform, 
from  which  cars  were  loaded,  covered  by  a  reinforced  concrete 
roof.  At  one  end  of  this  roof  there  was  a  pile  of  rock  salt,  w^hich 
w^as  partially  protected  from  the  weather  by  a  wooden  roof. 
Rock  salt  had  been  stored  m  this  place  for  years.  For  a  number 
of  yards  beyond  where  the  salt  w'as  stored  it  had  been  spilled 
continually  on  the  concrete  roof,  and,  owTug  to  rains,  perhaps  a 
quarter  of  the  roof  was  frequently  wet  with  dilute  brine.  On  the 
under  side  of  the  roof,  directly  below  this  place,  there  were  many 
browm  iron-stains,  wet  patches,  salt  deposits,  and  in  one  place 


700  IIi:.\KV  Ji:km.\i\    Maidi-:  CiiKKJirroN, 

Fu..  7. 


IJ.  F.  I. 


-*-;•,  .  -.,»-»  .. .  -  «> 


Nov..  iQi;!    Action  (»i-  Salt  and  r.KiXE  on  Concrkte, 


701 


the  concrete  had  fallen,  leavin^^  the  net-ir«>n  reinlurcin^^s  exposed. 
These  had  deteriorated  to  such  an  extent  that  the  outer  portions 
crumbled  on  touchini^  and  some  of  the  rods  were  easily  pulled 
away.  The  area  from  which  the  concrete  had  fallen  was  at  least 
one  square  foot.     The  individual  rods  df  the  expo.sed  net-rein- 

FiG.  8. 


forcing,  originally  about  yg  inch  in  diameter,  had  increased  to 
about  %  inch  in  diameter,  owing  to  the  conversion  of  the  iron 
into  oxide.  Some  of  these  rods  had  disintegrated  to  such  a 
degree  that  the  sound  iron  core  was  less  than  V25  inch  in  diame- 
ter.    Xear  where  the  concrete  had   fallen,  it  was  evident  that 
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the  cxpaiuliii*;-  rein t'orrin^s  were  <;ra{lually  forcing  the  ecjucrete 
downwards.  At  the  far  end  of  the  ceih'n<(,  where  salt  had  not 
been  spilled  al)o\e.  there  was  no  evidence  of  deterioration  and  the 
concrete  was  in  an  excellent  condition. 

At  a  third  plant  in   Kansas  City,  a  five-year-old,  reinforced 
concrete,  basement  ceih'ni^-  was  fonnd  to  be  in  a  very  bad  condi- 

FiG.  9. 
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tion.  This  ceiling  was  reinforced  with  j4-ii"ich  twisted  iron 
rods.  The  floor  above  was  more  or  less  wet  all  the  time,  and,  in 
places,  salt  came  in  contact  with  the  water,  forming  brine. 
There  were  many  cracks  on  this  ceiling,  some  of  which  were 
suf^ciently  wide  tO'  insert  a  lead-pencil.  One  such  crack  w^as 
twenty  to  thirty  feet  in  length.  In  several  places  large  pieces 
of  concrete  had  fallen,  leaving  corroded  reinforcements  exposed. 
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In  one  place  a  lari;e  piece  of  concrete  which  was  ahnusl  ih'oppin^^ 
and  which  weighed  about  twenty-five  pounds  was  easily  pulled 
away  from  the  reinforcements.  '1  he  under  side  of  this,  as  is 
usually  the  case,  had  a  large  portion  of  the  corroded  reinforce- 
ments adhering  to  it. 

The  writer  examined  a  building  in  Kansas  City  which  con- 
tained a  large  rjuantity  of  reinforced  cinder  concrete  that  came 
into  contact  w^ith  considerable  amounts  of  brine.     This  concrete, 

Fig.   10. 


which  was  thirty  years  old,  was  in  a  very  damaged  condition,  and 
in  many  places  very  large  pieces  had  fallen. 

In  one  of  the  Chicago  plants  examined,  a  whole  floor  had 
collapsed  about  a  year  previously,  owing  to  the  weakening  of  the 
reinforcements  by  disintegration. 

Similar  cases  to  the  foregoing  have  been  found  by  the  writer 
in  a  number  of  cities  in  different  parts  of  the  country.     An 
excellent  example  of  deterioration  of  reinforced  concrete  found 
in  Buffalo  is  show^n  in  Fig.   10. 
Vol.  184,  No.  1103 — 49 
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When  concrete  construction  is  carried  out  in  winter,  it  is 
sometimes  the  practice  to  add  salt  to  the  concrete  to  prevent 
freezing,  often  as  much  as  twenty  per  cent,  being  added.  The 
writer  has  examined  a  number  of  reinforced  concrete  structures 
where  salt  had  been  mixed  with  the  concrete  during  construction. 
As  is  to  be  expected,  where  the  concrete  comes  in  contact  with 
water  or  moisture,  there  are  manifold  evidences  of  deterioration; 
but,  on  the  other  hand,  where  the  concrete  has  been  kept  dry 
no  damage  has  been  observed. 

The  following  conclusions  are  drawn  by  the  writer  from  his 
investigations  of  the  action  of  salt  and  brine  on  reinforced  con- 
crete : 

1.  All  concrete  which  is  not  water-proofed  in  some  way  is 
more  or  less  porous  to  water  and  brine. 

2.  Brine  readily  softens  the  surface  of  concrete  and,  there- 
fore, more  easily  penetrates  to  the  reinforcements,  on  which  it 
exerts  a  disintegrating  action  that,  owing  to  the  attendant  ex- 
pansion, gradually  w^eakens  the  concrete,  causing  it  to  crack  and 
split,  and  in  some  cases  to  fall  away  from  the  reinforcements. 

3.  The  more  porous  the  concrete,  the  more  rapid  the  disinte- 
gration of  the  reinforcements  through  the  action  of  brine. 

4.  Reinforced  concrete  floors  w^hich  come  in  contact  wdth 
brine  wall  gradually  develop  leaks.  These  wall  be  followed  by 
incrustations  of  discolored  salt  on  the  under  side,  where,  later, 
iron-stained,  hair  cracks  w- ill  develop  running  parallel  to  the  rein- 
forcements. As  the  deterioration  progresses,  the  cracks  will 
widen  and,  ownng  to  the  -great  expansive  force  of  the  accumulat- 
ing iron  oxide,  the  concrete  will  be  gradually  pushed  from  the 
corroded  reinforcements  and  ultimately  fall. 

Department  of  Chemistry, 

Swarthmore  College, 

July  27,  1917. 


THE  PHYSICAL  CHARACTERISTICS  OF  THE  ELEMEN- 
TARY  GRAINS  OF  A  PHOTOGRAPHIC   PLATE  - 

MILLARD  B.  HODGSON. 

When  we  speak  of  "  <;raiii  "  in  a  pholo<(raphic  plate,  we  gen- 
erally use  the  term  in  a  rather  loose  sense.  We  employ  it  to 
denote,  in  a  general  way,  both  the  characteristics  of  the  individual 
granular  deposits  of  silver  and  the  arrangement  or  agglomeration 
of  these  constituent  particles,  as  an  entirety,  with  sometimes 
emphasis  on  one  phase  of  the  subject  and  sometimes  on  another. 

It  is  the  purpose  of  the  present  paper  to  sharply  differentiate 
between  these  two  phases  by  outlining  a  few  fundamental  concep- 
tions of  plate  grain ;  also  to  present  some  of  the  more  interesting 
data  obtained  in  the  study  of  the  elementary  particles  of  a  silver 
halide  emulsion. 

There  are  present,  in  nearly  all  developed  and  dried  photo- 
graphic plates,  deposits  of  silver  of  varying  size  and  shape.  On 
close  examination  it  is  found  that  these  deposits  are  made  up 
of  small  elementary  units,  which  in  a  high-speed  plate  negative 
vary  in  size,  from  the  ultra-microscopic  to  five  or  six  microns  in 
greatest  dimension,  the  average  variation  being  from  0.2  /^  to  4 
or  5  ti,  and  the  mean  size  about  2.5  />i. 

Fig.  I  shows  a  photomicrograph  of  a  section  of  a  high-speed 
photographic  negative,  illustrating  these  elementary  units.  These 
elements  are  grains  in  the  strict  sense  of  the  term,  for,  as  will 
be  shown  later,  they  are  inherently  conditioned  in  position  and 
size  by  the  position  and  size  of  the  original  silver  halide  grains. 
That  is,  they  are  to  a  certain  extent  isolated  from  each  other 
by  intervening  walls  of  gelatine. 

In  viewing  a  dried  down  negative,  however,  by  transmitted 
light,  under  moderate  magnification,  or  none  at  all,  we  see  not 
these  isolated  grains,  but,  in  effect,  agglomerations  of  grains  by 
the  projection  of  light  through  interstices  between  many  grains 
in  numerous  ^'  grain  planes  "  throughout  the  emulsion  layer. 
Therefore  since  the  average  layer  is  about  six  grains  deep,  and 

*  Communicated  by  Dr.  Mees.  Communication  No.  56  from  the 
Research  Laboratory  of  the  Eastman  Kodak  Company. 
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since  the  grains  themselves  are  (Hstributed  on  a  probal^ilily  basis 
in  each  layer,  we  obtain  more  or  less  regular  large  patches  and 
chains  of  grains  as  a  result,  the  pattern  and  regularity  depending 
on  the  particular  type  of  emulsion  used. 

It  is  this  granularity  which  makes  up  what  is  commonly  meant 
in  speaking  of  grain.  It  is  the  grain  met  with  in  projection  work,, 
in  enlarging  and  in  portraiture. 

Fig.  I. 


Section  showing  individual  silvet  grains.    Magnification,  350  diameters. 

This  overlapping  and  agglomerating  of  grains  can  be  seen 
nicely  by  observing  a  horizontal  plane  view  of  a  photographic 
film  through  the  entire  emulsion,  in  comparison  with  a  thin  vertical 
section  through  the  same  film  (Fig.  2). 

It  is  not  the  purpose  of  this  paper  to  discuss  the  matter  of 
plate  granularity,  meaning  agglomeration  of  individual  grains^ 
which  phase  of  the  subject  is  now  the  subject  of  investigation  in 
this  laboratory. 

As  has  been  stated,  the  physical  characteristics  of  the  developed 
elemental  grains  depend  largely  upon  the  characteristics  of  the 
elemental  silver  halide  grains. 
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Silver  bromide  occurs,  in  the  avcra,«,rc  cimilsiou.  111  the  funii 
of  more  or  less  re^^ailar  semi-transparent  crystals  helon^n'n^^  to 
the  isometric  system,  the  most  re«;ularly  rccurrin<(  fi^aire  being 
the  tetrahedron.  The  lar^^cr  grains  are  evidently  builds  or  aggre- 
gates of  hemihedral  tetrahedra  or  other  imperfectly  developed 
forms.  In  additic^n  there  are  present  numerous  fragmentarv  and 
truncated  particles. 

The  physical  characteristics  of  these  grains  seem  to  be  con- 

FiG.  2.— n. 


Fig.  2.— a. 
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"A,"  vertical  section,  showing  grain-deposit.    "  B,"  horizontal  plan  of  grain  deposit.    Magnifi- 
cation, 375  diameters. 

trolled  by  the  method  by  which  the  silver  bromide  is  precipitated, 
on  the  temperature  of  precipitation,  amount  of  gelatine  present, 
concentration  and  presence  of  additional  salts. 

A  fairly  accurate  idea  of  the  size,  etc.,  of  these  crystals  will 
'be  gained  from  the  values  given  in  Table  I,  which  gives  the 
physical  characteristics  of  four  typical  emulsions. 

Table  I. 


Plate 

Cine  Positive  Film 

Seed  23  Plate 

Seed  Graflex  Plate 

Special  Experimental  Emulsion 

*  Greatest  dimension, 
t  Resolved. 


Average  grain 

size* 


I.O/x 
2.0AI 
3-2M 

4.OM 


Range  in  grain 
size  t 

0.2- 

-2.0fi 

.2  - 

-3-5 

.2- 

-6.0 

.2- 

-8.5 

Shapes 


Regular,  uniform 
Regular,  uniform 
Irregular,  wide  va- 
riety 
Very    regular,  va- 
rietv 
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The  fra[!^mentary  grains  are  very  numerous  in  nearly  all  emul- 
sions. The  special  experimental  emulsion  referred  to  in  the  above 
table  proved  to  be  very  a(laptal)le  for  the  study  of  individual 
grain  characteristics,  its  great  regularity  in  shape  and  freedom 
from  fragments  reducing  confusion  in  microscopic  examination 
to  a  minimum.  However,  it  does  not  differ  greatly,  except  in  this 
matter  of  regularity,  from  the  performance  of  other  emulsions, 
hence  the  author  feels  justified  in  basing  certain  conclusions  on 
the  performance  of  this  emulsion. 

The  question  has  often  arisen :  Are  these  unexposed  grains 
crystals  of  pure  silver  or  are  they  composed  of  a  gelatino-silver 


Fig.  3. 
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Developed  grains.    Seed  graflex.    Magnification,  1350  diameters. 


complex  ?  From  the  results  of  this  investigation  it  seems  logical 
to  assume  that  the  inner  mass  of  the  grain  is  pure  silver  salt,  for 
v^hen  water  strikes  the  unexposed  crystals  no  swelling  is  at  all 
observable,  even  under  the  highest  power  magnification.  However, 
in  the  majority  of  cases,  when  development  is  complete,  the  silver 
deposit  is  vastly  different  in  form  from  that  of  the  parent  crystal. 
During  development  the  growing  silver  mass  becomes  twisted 
and  distorted.  This  suggests  strong  external  forces  at  work,  prob- 
ably due  either  to  an  adsorbed  layer  of  gelatine  or  to  almost  perfect 
adhesion  to  the  surrounding  gelatine.  In  the  silver  bromide 
crystal,  even  when  water  is  present  in  the  system,  this  strain  is 
insufficient  to  break  down  the  cohesion  of  the  particles  of  the 
crystal  and  distort  it,  but  when  the  spongy  deposit  of  silver  begins 
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to  form,  in  soot-likc  particles,  the  ciivclopinp^  **  bag  "  of  p^clatine 
more  or  less  distorts  it. 

In  the  averaj3:e  hij;h-si)ee(l  plate  this  distortion  is  great,  caus- 
ing the  developed  grains  to  resemhle  hlack  po|)corn  or  irregular 
chunks  of  coal.  In  the  plate  "  Special  Xo.  1  '*  this  distortion  is  at 
a  minimum,  the  developed  deiK)sits  being  almost  entirelv  within 
the  confines  of  the  original  crystal,    h'igs.  3  and  4  illustrate  these 

Fk;.  4. 


Developed  grains.    "Spec.  No.  i."     Magnification,  1350  diameters. 

typical  extreme  cases.  From  Fig.  4  we  can  also  gain  information 
as  to  the  geometrical  form  of  the  parent  crystals. 

As  has  been  previously  stated,  these  developed  grains  are 
masses  of  fine,  sooty  black  silver,  held  together  l)y  the  surrounding 
gelatine.  They  may  be  separated  by  swelling  the  gelatine  or 
by  applying  other  mechanical  force. 

The  progress  of  the  development  of  individual  grains  has  been 
studied  in  detail  by  the  following  method : 

Regularly  coated  plates  were  flashed  to  light,  developed 
slightlv,  and'  washed  thoroughly  to  arrest  and  remove  developer. 
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Some  of  the  cimilsion  was  then  removed  and  examined  under 
hi^di-pcjvver  magnification.  Fig.  5  shows  a  number  of  such  grains 
at  various  stages  of  development.  In  most  cases  development 
starts  at  considerably  more  than  one  particular  point,  even  in  the 
case  of  small  fragments,  and  continues  (providing  time  is  al- 
lowed) until  the  entire  crystal  is  reduced. 

In  no  case  of  normal  procedure  has  a  curious  phenomenon 
dcscril)cd  by  Scheffer  ^  been  observed.  Scheffer  described  and 
illustrated  the  development  of  silver  bromide  grains  under  high- 
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Silver  bromide  grains  in  various  stages  of  development.     Magnification,  1350  diameters. 

power  magnification.  He  showed  that  in  his  specimens  the  grains 
shot  out,  or  grew,  feelers  or  tentacles  during  development.  These 
tentacles  were  subsequently  capable  of  affecting  other  silver 
bromide  grains,  inasmuch  as  contact  seemed  to  cause  develop- 
ability. 

In  only  one  particular  series  of  enormous  overexposures, 
developed  under  the  arc  illumination  of  the  microscope,  have  any 
such  phenomena  been  observed  by  the  author.  The  emulsion  in 
the  case  in  question  was  coated  in  a  very  thin  film  on  the  micro- 

^W.  Scheffer,  "Microscopical  Study  of  Silver  Grains,"  British  Journal 
of  Photography,  1907,  No.  2441,  vol.  54. 
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slide.  The  primary  cause  ot  the  shuuling  out  of  feelers  was  here 
consiilcred  lo  he  clue  to  channels  or  hssures  oiKMiinjj  up  in  the 
g^elatine  when  the  develoixir  struck  it.  In  the  case  of  normal 
thickness  of  coating  (10  to  30  microns)  the  elastic  action  is 
gradual  enough  in  the  case  of  drying  after  coating  and  in  subse- 

FiG.  6. 


Diagram  representing  scatter  of  incident  light  by  silver  bromide  crystals. 

Fig.  7. 


Stages  of  development  of  single  grain.     Magnification,  5000  diameters. 

quent  swellings  to  allow  time  to  adjust  internal  strain.  In  the 
case  of  extremely  thin  coatings,  drying,  after  the  original  coat- 
ing, is  far  too  rapid  to  permit  of  equalizing  of  strain.  Such 
strain  regions,  in  all  probability,  being  greatest  in  the  neighbor- 
hood of  such  "  foreign  "  particles  as  silver  bromide  grains,  subse- 
quent sudden  swelling  results  in  a  cleavage  at  these  points.  At 
least  the  case  was  special  and  decidedly  abnormal  in  conditions  of 
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Series  of  vertical  sections  (dry),  showing  growth  of  image  with  exposure.      Magnification, 

375  diameters. 
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cxiKxsnre,    physical    characteristics   of   the   emulsion    layer,    and 
development. 

In  all  cases  of  normal  conditions  development  seems  to  he  a 
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Series  showing  growth  of  image  with  development.     Magnification,  375  diameters. 


more  or  less  steady  transition  from  silver  salt  to  reduced  silver, 
with  the  gelatine  functioning  to  cause  some  distortion  of  the  shape 
of  the  individual  deposits. 
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Since  the  development  of  a  grain  starts  at  a  number  of  points 
at  once,  it  follows  that  there  must  be  formed,  even  in  a  short 
exposure,  numerous  nuclei.  This  is  not  to  be  wondered  at  when 
we  consider  the  scatter  of  light  by  the  emulsion  layer  (Fig.  6). 
Probably  thousands  of  molecules  or  crystal  units  of  each  grain 
are  affected  by  such  a  seemingly  simple  exposure. 

Two  stages  of  the  development  of  the  same  grain  are  shown 
in  Fig.  7.  The  developed  grain  in  this  case  is  slightly  larger  than 
the  parent  crystal.  The  ratio  of  the  volume  of  the  crystal  to  the 
apparent  volume  of  the  developed  grain  is  a  function  of  both 
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Hurter  and  Driflfield  curve  of  strip  of  which  sections  are  shown  in  Fig.  8. 
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inherent  characteristics  and  development.  In  nearly  all  cases  the 
developed  grain  occupied  apparently  more  space  than  the  crystal — 
''  apparently,"  because  the  inner  mass  of  the  developed  grain 
probably  contains  gelatine. 

No  attempt  has  been  made  in  this  investigation  to  correlate 
the  performance  of  individual  grains  with  the  behavior  of  the 
sensitive  film  as  a  whole. 

The  effects  of  exposure  and  development  and  developer  on  the 
entire  mass,  and  a  study  of  the  resulting  "  graininess,"  has  not 
been  touched  on.  However,  in  the  sectioning  of  dry  film  to  study 
grain  size  some  interesting  photomicrographs  were  obtained  which 
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are  shown  in  V\^s.  8  and  9.  1' i-  s  shows  a  section  of  each  step 
of  a  Hurler  and  Drifticld  lest  strip  whose  DAog  E  curve  is  given 
in  V'lg,  10.  The  developer  in  this  case  was  pyro-soda.  The 
density  gradient  in  each  case  is  somewhat  surprisingly  shallow. 

Fig.  9  shows  the  developing  stages  of  equal  exixjsures  after 
varying  times  of  development.  Many  of  the  fine  grains  at  the 
lower  edge  of  the  image  are  no  douhl  parts  of  large  crystals 
whose  development  was  arrested. 

In  conclusion  I  wish  to  express  my  indehtedness  to  Mr.  L.  A. 
Jones  and  Dr.  S.  E.  Sheppard  for  numerous  helpful  suggestions 
given  during  the  course  of  this  investigation. 
Rochester,  N.  Y.,  September,  1917. 


The  Elimination  of  Grade  Crossings  in  Cities.  S.  T.  \\'a(;ni:u. 
(Transactions  of  the  Wagner  Free  Institute  of  Science  of  Philadel- 
phia, vol.  viii,  July,  1917.)— A  grade  crossing  is  generally  under- 
stood to  mean  the  crossing  of  a  railroad  by  a  highway  when  both  are 
at  the  same  level.  The  same  term  is  applied  to  the  crossing  of  one 
railroad  by  another  at  the  same  level.  The  existence  of  grade  cross- 
ings is  a  necessary  evil.  When  railroads  were  first  constructed  in 
places  where  the  grade  crossing  is  now  in  existence,  there  was  no 
other  way  in  which  many  of  these  could  have  been  built.  At  the  time 
the  railroads  were  built,  neither  the  railroads  nor  the  communities 
which  have  grown  into  towns  and  finally  into  cities  would  have  been 
able  to  bear  the  expense  of  construction  which  would  have  avoided 
the  crossings  at  grade,  and  their  existence  was  therefore  an  economic 
necessity. 

The  history'  of  the  work  of  systematic  elimination  of  grade  cross- 
ings possibly  extends  back  to  about  the  year  1880,  although  it  did 
not  begin  to  be  considered  an  important  subject  until  within  the  past 
twenty  years.  During  the  past  fifteen  years  progress  has  been  steady, 
and  the  movement  toward  the  elimination  of  the  most  dangerous  ones 
has  been  rapid  on  the  part  of  the  cities  and  the  railroads.  Probably 
the  most  extensive  work  of  that  kind  has  been  done  in  the  city  of 
Chicago,  where,  on  account  of  the  level  character  of  the  ground  and 
the  large  number  of  railroads,  the  conditions  are  worse  than  in  almost 
any  of  the  large  cities  of  the  United  States.  It  is  stated  that  the 
elimination  of  780  grade  crossings  had  been  arranged  for  in  Chicago 
up  to  191 1.  Philadelphia  is  credited  with  the  next  largest  number, 
namely,  120,  and  Buffalo  third,  with  94  to  its  credit. 

In'general  there  are  six  methods  by  which  a  grade  crossing  can 
be  abolished:  (i)  Raising  the  street  over  the  railroad;  (2)  lowering 
the  street  under  the  railroad ;  (3)  lowering  the  street  and  raising  the 
railroad;  (4)  raising  the  street  and  lowering  the  railroad;  (5)  rais- 
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in^'-  the  railroad  over  the  street;  (6)  lowc'rinf,^  the  railroad  under  the 
street.  In  all  these  eases  it  is  evident  that  either  the  street  or  the 
railroatl  nnist  inerease  its  rate  of  j^rade,  and  this  sinj^lc  point  is 
generally  the  most  difficult  one  to  deal  with  in  any  particular  case : 
the  increase  in  the  rate  of  a  grade  of  a  railroad  is  always  accom- 
I)anied  by  loss  of  revenue.  i)n  a  street  it  is  difficult  to  calculate 
actual  money  loss  by  increasing  the  grade.  Unfortunately  the  elimi- 
nation of  such  crossings  is  not  profitable  to  either  the  city  or  the 
railroad  from  a  financial  standpoint.  Neither  can  expect  to  receive 
any  financial  return  for  the  large  amounts  which  must  be  expended. 

The  Gowlland  Multifocal  Spectacle  Lens.  H.  O.  Gowlland. 
{Goidla}id  Optical  Company,  Limited,  Montreal,  Canada.) — Bifocal 
spectacle  lenses  for  near  and  distant  vision  have  been  known  and 
used  since  the  time  of  Franklin,  and  w^ithin  recent  years,  particularly 
since  the  introduction  of  "  invisible  "  bifocals,  their  vise  has  become 
widespread.  Although  these  lenses  obviate  the  need  of  two  pairs 
of  glasses,  the  wearer  often  experiences  the  discomfort  of  the  "  blind 
zone,"  or  an  area  within  which  the  distance  part  of  the  lens  is  of 
too  long  focus  and  the  near  part  of  too  short  focus  for  satisfactory 
vision.  If  this  blind  zone  is  to  be  eliminated,  a  compromise  must  be 
made  in  the  powers  of  the  two  lenses  and  the  user  must  be  content 
with  less  than  the  maximum  possible  clearness  of  vision.  A  lens 
of  continuously  varying  curvature  wdthin  the  required  limits  would 
evidently  provide  the  necessary  conditions  for  distinct  vision  at  all 
distances.  Such  a  lens,  not  having  a  spherical  surface,  entails  a 
departure  from  the  usual  methods  employed  in  the  production  of 
spectacle  lenses. 

The  Multifocal  lens  embodies  this  continuous  variation  of  focal 
length,  the  difficulties  incident  to  a  departure  from  a  truly  spherical 
surface  having  been  successfully  overcome.  In  the  manufacture 
of  these  lenses  the  usual  system  of  w'orking  has  been  reversed.  The 
m.aster  tool  first  grinds  the  curve  to  a  certain  degree  of  fineness,  and 
after  that  the  lens  surface  itself  controls  the  smoothing  and  polishing, 
the  surface  retaining  its  ground  curve.  The  finished  lens  is  a  clear 
piece  of  glass  with  constantly  changing  curvature,  whose  rate  of 
change  is  governed  by  the  extreme  values  of  the  curvature. 

While  the  line  of  contact  between  the  distance  and  near  parts 
in  the  so-called  invisible  bifocals  is  quite  discernible,  the  Multifocal 
lens  is  free  from  this  characteristic.  It  is  undoubtedly  true  that  the 
field  of  view  at  any  given  focal  value  is  theoretically  limited  to  points 
equally  distant  from  the  vertex  of  the  curve,  but  practically,  with  the 
relatively  small  curvatures  of  spectacle  lenses,  vision  is  clear  over  a 
considerable  zone  and  an  adequate  field  of  view  is  obtained.  The 
user  is  thus  provided  with  a  lens  that  responds  to  the  varying  require- 
ments of  close  work  and  is  free  from  the  disconcerting  visual  jar  of 
an  accidental  use  of  the  wrong  powder  of  the  bifocal  lens  when  moving 
about  in  an  uncertain  light. 


NOTES  FROM  THE  RESEARCH   LABORATORY. 
EASTMAN  KODAK  COMPANY.- 


THE    EFFECT    OF    VARIOUS    PHYSICAL    STIMULI    ON    THE 
PUPILLARY  AREA  AND   RETINAL  SENSIBILITY.' 

By  Prentice  Reeves. 
[abstract.] 

As  there  is  such  a  close  analogy  between  the  kodak  and  the 
eye,  an  extensive  series  of  investigations  is  l)eing  carried  on  in 
physiological  optics  in  this  laboratory  and  this  paper  gives  a  brief 
summary  of  some  of  the  results  obtained  up  to  this  time.  By 
making  a  detailed  study  of  the  functions  of  the  eye  it  is  hoped 
that  some  information  may  be  discovered  relating  to  some  of 
the  new  uncertain  points   in   photographv. 

The  eye  and  the  photographic  plate  are  the  most  widely  used 
instruments  for  studying  light  problems,  and  in  practically  all 
cases  the  final  judgments  are  rendered  by  the  eye.  The'  eye 
operates  through  a  range  of  ten  billion  to  one,  and  maintains  a 
remarkable  efficiency  throughout  a  greater  part  of  this  extensive 
range.  By  knowing  the  efficiency  at  which  the  eye  operates  we 
are  able  to  determine  the  accuracy  to  which  photographic  results 
may  be  determined. 

In  this  research  one  of  the  problems  studied  was  the  least 
amount  of  physical  radiation  which  will  give  rise  to  a  perception. 
This  depends  on  several  factors,  the  greatest  of  which  is  the 
adaptation  of  the  eye.  When  the  eye  is  fully  adapted  to  absolute 
darkness  its  sensibility  is  the  greatest,  and  the  threshold  obtained 
under  this  condition  gives  the  absolute  photochemical  reactivity 
of  the  retina.  When  viewing  a  i-mm.  spot  at  a  distance  of  3 
metres  the  minimum  radiation  visually  perceptible  was  found 
to  be  17  X  lO'^^  ergs  per  second.  When  the  test-spot  was 
increased  to  a  3-cm.  square  and  the  observing  distance  was  35 
cm.,   a   dark-adapted   eye   could   just  perceive  a  brightness  of 

*  Communicated  by  the  Director. 

^  Communication  No.  52  from  the  Research  Laboratory  of  the  Eastman 
Kodak  Company,  published  in  Journal  of  Ophthalmology,  Otology  and  Laryn- 
gology, September,  1917,  and  British  Journal  of  Photography,  1917,  p.  415. 
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44  X  lo'  millilainbcrts,  while  if  the  eye  was  adapted  to  a  bright- 
ness of  the  average  bright  sunny  day,  the  least  it  could  see  was 
about  2  ml.  When  the  size  of  the  test-spot  was  increased  in 
steps  from  a  2-mm.  square  to  a  12-cm.  square,  the  results  show 
that  the  sensibility  varies  directly  as  the  visual  angle  up  to  a 
value  equal  to  the  angle  of  the  fovea  and  then  rises  gradually  as 
the  peripheral  regions  are  stimulated.  By  placing  an  accurately 
calibrated  shutter  before  the  test-spot  a  series  of  determinations 
was  made  to  determine  the  intensity  to  which  the  stimulus  should 
be  illuminated  to  be  perceived  when  exposed  for  a  given  period 
of  time. 

The  distinguishing  of  detail  under  all  conditions  is  the  funda- 
mental requirement  of  efficient  vision,  so  the  next  step  was  to 
determine  the  contrast  sensibility  of  the  retina.  It  was  found 
to  increase  with  an  increase  in  field  brightness  through  the  lower 
intensities,  remain  constant  for  the  brightness  of  ordinary  vision, 
and  drop  off  for  higher  intensities.  Throughout  ordinary  vision 
the  eye  is  able  to  detect  a  difference  of  i  ^  per  cent,  in  brightness 
between  two  adjacent  fields.  In  the  determination  of  glare 
sensibility  it  was  found  that  the  average  eye,  when  adapted  to 
darkness,  could  just  tolerate  a  brightness  of  25  ml.,  while  if  it 
were  adapted  to  a  bright  sunny  day,  the  eye  could  stand  a  bright- 
ness of  16,000  ml.  These  values  give  us  an  idea  of  what  we  can 
see,  how  well  we  can  see,  and  what  we  can  comfortably  endure. 

When  the  eye  is  subjected  to  a  change  in  the  brightness  of 
the  environment  it  automatically  adjusts  itself  to  the  new  con- 
dition. If  the  amount'  of  the  change  is  small,  the  eye  adjusts 
itself  practically  instantaneously,  but  if  the  change  is  great,  an 
appreciable  amount  of  time  elapses.  When  changing  from  a 
given  brightness  to  darkness  the  eye  adapts  quite  rapidly  for  the 
first  few  minutes  and  continues  to  adapt  slowly  for  several  hours, 
although  for  practical  purposes  an  equilibrium  is  reached  after  an 
hour.  When  colored  light  is  used  we  find  adaptation  is  least  and 
most  slowly  for  red,  then  come  yellow,  white,  green,  and  blue. 
When  the  change  is  from  a  low  to  a  higher  intensity  the  change 
is  much  more  rapid,  and  a  person  "  gets  his  eyes  "  quicker  when 
turning  on  a  light  than  when  turning  out  a  light. 

Accompanying  the  change  in  sensibility  just  described  is  a 
change  in  the  pupillary  diameter,  and,  while  the  former  varies 
over  a  million  to  one,  the  latter  varies  only  about  16  to  i.     A 
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series  of  photoc:raplis  was  taken  of  several  suhjecls  over  a  ranfje 
of  l)rii::litnesses  from  iitler  darkness  to  the  reflection  of  direct 
sunlight  from  a  white  paper  screen.  The  averaj^c  diameter  for 
dark  adaptation  was  8  mm.,  the  larc^est  diameter  for  any  pupil 
was  S.6  mm.,  and  ihe  average  minimum  diameter  was  2  mm. 
The  efYect  of  exposing  one  or  both  eyes  to  a  given  brightness  is 
shown  in  the  following  table.  The  photographs  were  taken  of 
the  right  eye  in  both  cases,  and  the  difference  l)etween  the  results 
in  the  second  and  third  colunms  shows  the  effect  of  closing  the 
left  eye. 

Table  I. 

Brightness  in  Diameter  in  millimetres 

millilamberts  Both  eyes  open  One  eye  closed 

0.0  74  7-5 

0.00015  7.15  7.25 

0.60  5-3  6.5 

6.3  4.1  5-7 

126.0  2.6  3.3 

2000.0  2.0  2.0 

Rochester,  N.  Y.,  September  29,  191 7. 


THE  MINIMUM  RADIATION  VISUALLY  PERCEPTIBLE.' 

By  Prentice  Reeves. 

[abstract.] 

The  previous  investigations  of  the  least  perceptible  radiation 
have  in  most  cases  used  stellar  light  sources  and  have  taken 
various  uncertain  values  for  the  area  of  the  pupil.  In  the  present 
paper  the  writer  used  a  direct  laboratory  method.  Nvhere  all 
physical  stimuli  were  under  accurate  control  and  there  were  no 
troublesome  atmospheric  conditions,  as  in  stellar  observations. 
xA^nother  advantage  was  the  use  of  the  observers'  pupillary  meas- 
urements obtained  from  instantaneous  flashlight  photographs. 

To  approximate  conditions  of  stellar  observations  a  stimulus 
one  millimetre  in  diameter  w^as  view^ed  from  a  distance  of  three 
metres.     The  brightness  of  the  "star"  could  be  varied  by  the 

'Communication  No.  51  from  the  Research  Laboratory  of  the  Eastman 
Kodak  Company,  published  in  Astrophys.  Jour.,  September,  191 7,  p.   167. 
Vol.  184,  No.  1103 — 50 


J20  Eastman    Kodak   Company   Xotes.  IJ  ^^  I. 

observer  and  the  ihreshold  deleriiiined.  The  observer  remained 
in  total  darkness  for  at  least  iifteen  minutes  to  assure  dark 
adaptation,  and  used  a  fixed  head  rest  for  constant  visual  fixation. 
The  results  taken  under  the  same  conditions  from  day  to  day 
vary  through  wide  ranges  and  arc  explained  by  variations  of  the 
pupil,  factors  of  attention  and  fatigue,  ideo-retinal  light  (caused 
by  retinal  circulation),  after-images,  involuntary  eye  movements, 
and  the  general  physiological  condition  of  the  observer.  As  these 
variable  factors  are  largely  beyond  experimental  control,  the  only 
method  is  to  take  as  many  observations  as  possible  over  a  wide 
range  of  time  and  accept  the  general  average  as  the  threshold 
value.  The  writer's  threshold  value  is  the  average  of  numerous 
observations,  and  results  were  also  obtained  from  two  other 
observers  and  averaged  with  the  writer's  values  for  those  days. 
If  we  let  B  =  normal  candle-power  per  square  centimetre  of 
source,  and  assuming  the  inverse  square  law  and  a  point  source, 
the  flux  through  i  scjuare  centimetre  on  the  axis  at  the  eye  will  be 

SB/R'  lumens 
and  the  flux  through  the  pupil  of  area  A  will  be 

Fp  =  SBA/R'  lumens. 

Now  5rrLumen/7r  and  A—tt/ 

SO  Pp^SL  rVR' 

where  Fv  is  the  flux  through  the  pupil,  5  the  area  of  the  star, 
L  the  star  brightness  in  lamberts,  r  the  radius  of  the  pupil;  R 
is  the  distance  of  the  eye  from  the  star.    If  the  equation  is  then 
multiplied  by  the  mechanical  equivalent  of  light,  M,  we  get 
Least  perceptible  radiation  =  SLM  r^/R  ergs  per  second. 

Using  the  i-mm.  star  at  a  distance  of  3  metres,  the  writer's 
values  for  L  and  r  were  0.0072  millilambert  and  4.65  mm.,  w^hich 
gives  a  result  of  17.1  x  io~^^  ergs  per  second.  The  average 
result  for  three  observers  was  L  -  0.0088  ml.,  r  =  4  mm.,  and  least 
perceptible  radiation  -  19.5  x  lo-^^  ergs  per  second. 


NOTES  FROM  THE  RESEARCH    LABORATORY, 
GENERAL    ELECTRIC    COMPANY.- 

THE  CONSTITUTION  AND   FUNDAMENTAL   PROPERTIES   OF 
SOLIDS   AND    LIQUIDS.      PART   II.— LIQUIDS.' 

By  Irving  Langmuir. 

TiJis  paper  extends  the  application  of  the  vie\vp(jnu  of  Part 
I — Sohds  {Journal  of  the  American  Chemical  Society,  38,  2221- 
95,  November,  1916) — to  a  consideration  of  the  structure  of 
Hquids. 

An  extended  discussion  of  the  phenomena  and  forces  involved 
in  the  spreading  of  oil  films  upon  water  is  followed  by  the  follow- 
ing general  conclusions : 

''A.  Forces  of  the  type  which  Gurvich  has  called  physical 
forces  do  not  play  any  important  part  in  the  structure  of  matter. 
The  best  examples  of  the  physical  forces  are  gravitation  and  the 
forces  between  electrically  charged  ])odies.  Gravitation  is  much 
too  small  a  force  to  be  of  influence  in  holding  atoms  and  mole- 
cules together.  In  all  ordinary  matter  the  negative  and  positive 
electricity  are  so  uniformly  distributed  throughout  the  mass  that 
the  effective  range  of  these  electric  forces  is  only  of  atomic 
dimensions. 

''B.  All  the  interatomic  and  intermolecular  forces  involved 
in  the  structure  of  matter  are  chemical  forces;  that  is,  thev  are 
of  the  same  nature  as  the  forces  that  the  chemist  has  been  study- 
ing in  the  past.  In  general,  these  forces  are  of  two  kinds :  those 
represented  by  primary  and  those  represented  by  secondary 
valence." 

Needed  Improvement  in  Primary  Batteries.  Anon.  {Elec- 
trical World,  vol.  70,  No.  15,  p.  703,  October  13,  1917.) — The  really 
serious  need  of  improvements  in  primary  batteries  has  been  repeat- 
edly suggested.  This  need  is  just  now  sharply  emphasized  by  the 
very  wide  use  of  electric  flashlamps  in  the  trenches.  A  flashlamp 
is  practically  indispensable  as  part  of  the  equipment  of  all  ofificers 
and  of  all  men  who  have  to  share  in  the  cave  life  of  the  western 
front.  The  advent  of  the  tungsten  lamp  has  given  a  very  practicable 
source  of  light  which  does  not  make  severe  demands  for  current  and 

*  Communicated  by  the  Director. 

^Journal  of  the  American   Chemical  Society,  39,   i84(S-i9o6,   September, 

1917. 

721 


722  Current  Tupjcs.  [J- F- I. 

is  altogether  successful  for  the  purpose  intended.  lUit  who  shall 
say  that  the  ideal  hattery  for  such  service  has  yet  made  its  a])pcar- 
ance?  The  battery  now  alnicjst  universally  used  is  of  an  old  familiar 
lyj)e,  somewhat  improved  in  detail  and  really  a  wonderfully  good 
article  for  its  i)rice,  but  it  is  essentially  a  battery  strictly  for  tem- 
porary use  and  deteriorating  on  open  circuit.  The  resources  of  the 
chemical  engineer  ought  to  be  able  to  give  us  a  source  of  electricity 
combining  compactness,  comparative  freedom  from  polarization,  and 
reliability.  Of  course,  the  cheaper  the  better,  other  things  being 
equal,  but  it  need  not  attempt  to  compete  with  the  common  type  in 
the  mere  matter  of  first  cost.  Of  chief  importance  is  that  it  should 
hold  up  its  voltage  well  and  be  free  from  serious  deterioration  when 
not  in  use.  Surely  the  resources  of  invention  at  the  present  time 
ought  to  give  us  a  battery  much  more  suitable  for  hard  service  than 
the  Leclanche  type  of  cell,  which  has  heretofore  had  the  field  practi- 
cally to  itself.  Nothing  has  been  able  to  compete  with  this  old-timer 
for  general  use,  but  its  limitations  are  such  as  to  point  the  need  for 
a  successor.  The  thanks  of  the  men  in  the  trenches  and  no  small 
monetary  reward  are  likely  to  come  to  him  who  first  produces  the 
battery  required. 

Steel  Reinforcing  in  Wooden  Ships.  Anon.  (Iron  Trade 
Review,  vol.  Ixi,  No.  13,  p.  658,  September  27,  1917.) — In  addition 
to  the  immense  steel  shipbuilding  program  of  the  reorganized  ship- 
ping board,  over  300  seagoing  wooden  vessels  of  various  types  are 
under  construction  in  American  yards.  Even  these  vessels,  however, 
must  pay  their  tribute  to  the  iron  and  steel  industry.  It  is  estimated 
that  about  60,000  tons  of  steel  will  be  required  for  the  wooden  vessels 
now  on  the  ways  or  under  contract.  Most  of  the  steel  will  be  used 
for  fastenings,  including  spikes,  drift  bolts,  through  bolts,  nuts, 
washers,  clinch  rings,  etc. 

In  order  to  provide  the  necessary  strength,  large  wooden  vessels 
must  be  reinforced  with  steel  straps.  Universal  plates  14  inches  wide 
and  ^  inch  thick  are  sometimes  used.  The  arch  rises  amidships 
to  a  point  3  feet  above  the  main  deck.  x\t  both  ends  the  straps  run 
dow^n  to  the  line  of  the  bilge.  In  addition,  the  deck  beams  are  tied 
together  by  ^  x  4-inch  steel  straps  laid  in  four  courses  the  full  length 
of  the  ship.  This  strapping  is  rather  expensive,  the  type  used 
costing  about  $3000,  including  $1500  for  labor  and  fastenings.  This 
form  of  reinforcing,  however,  is  not  nearly  so  elaborate  as  that 
provided  in  the  standard  design  of  the  United  States  Shipping  Emer- 
gency Fleet  Corporation.  This  design  provides  for  a  lattice  work 
of  steel  straps,  3^  x  4  inches,  connected  to  a  ^  x  8-inch  steel  cord 
at  the  top.    It  costs  about  $8000  to  reinforce  a  ship. 

Cast-steel  knees  are  extensively  used  by  wood-ship  builders  on 
the  Pacific  coast.  These  knees  are  about  4  feet  on  a  side,  the  metal 
being  approximately  ^  inch  thick.  They  are  placed  under  the  ends 
of  deck  beams,  thus  adding  to  the  rigidity  of  the  hull  structure.  The 
steel  foundries  on  the  Pacific  coast  have  built  up  an  attractive 
business  manufacturing  these  knees. 


NOTES  FROM  RESEARCH  DIVISION.  ELECTRICAL 
ENGINEERING  DEPARTMENT,  MASSACHUSETTS 
INSTITUTE   OF  TECHNOLOGY. 


SOME    EXPERIMENTS    ON    THE    EFFECTS    OF    CHANGES    IN 

DIAPHRAGM  THICKNESS  ON  THE  CHARACTERISTICS 

OF   A   TELEPHONE    RECEIVER. 

It  was  shown  by  Lord  Kayleigh  ^  that  the  natural  frequency 
of  a  circular  plate  diaphragm,  such  as  is  used  in  a  telephone  receiver, 
is  directly  proi>ortional  to  the  thickness  and  inversely  proportional 
to  the  area  of  the  plate.  This  is  on  the  assumption  that  the 
material  of  the  plate  remains  uniform  and  homogeneous,  and  that 
all  other  conditions  remain  constant. 

Some  experiments  were  made  in  the  Electrical  Engineering 
Department  of  the  iMassachusetts  Institute  of  Technologv  and 
Harvard  University,  by  Mr.  C.  H.  Calder,  in  a  graduating  thesis, 
■during  191 5,  on  the  effect  of  changing  the  thickness  of  the  tele- 
phone diaphragm  on  the  characteristics  of  the  instrument.  The 
results  obtained  are  here  summarized. 

The  telephone  receiver  used  was  a  regular  bijK)lar  instrument 
of  a  standard  make.  It  had  a  resistance  of  about  one  hundred 
•ohms  at  20°  C.  The  inner  diameter  of  the  clamping  circle  was 
5  cm.  The  tests  were  made  by  obtaining  the  motional-impedance 
•circle  of  the  instrument  over  a  range  of  impressed  frequency 
from  400  to  1500  cycles  per  second,  as  furnished  by  a  Vreeland 
oscillator.  The  different  diaphragms  were  of  standard  ferro- 
type steel,  one  japanned  and  one  unjapanned  of  each  successive 
thickness.  They  were  all  of  the  same  diameter,  and  they  varied  in 
metallic  thickness  from  0.14  mm.  to  0.325  mm.  (5.5  to  12.8  mils) 
in  live  steps.  The  results  obtained  with  the  japanned  and  un- 
japanned diaphragms  of  the  same  metallic  thickness  differed 
slightly,  but  not  in  any  recognized  systematic  way,  so  that,  in  what 
follows,  the  mean  of  the  two  results  for  each  thickness  has  been 
taken.  The  same  receiver  and  cap  were  used  throughout,  and  the 
cap  was  screwed  on  with  substantially  the  same  measured  torque 
before  each  test. 

*  Communicated  by  the  Director. 

'"Theory  of  Sound,"  2d  Ed.,  vol.  i,  p.  367    (1894)- 
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The  results  are  summarized  graphically  in  the  accompanying- 
figure.  It  will  be  seen  that  as  the  metallic  thickness  of  the 
diaphragm  was  increased  from  0.13  to  0.33  mm.  the  resonant  or 
natural   frc(iuency   followed  the  curve  ABC  from  A  at  970   c\> 


to  C  at  1 1 75  CO.  If  the  frequency  had  been  proportional  to  the 
thickness,  the  graph  would  have  been  a  straight  line  from  the 
origin  to  some  point  such  as  C. 

A  reason  for  the  departure  from  the  simple  straight-line  law 
is  found  in  the  air-gap  curve  DEFG,  which  varies  from  o.  i  mm. 
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^\■ith  the  thinnest  diaphraj^ni  to  nearly  0.32  mm.  with  the  thickest. 
These  air-i;aps  were  measnred  hy  means  of  a  depth  ^an^^e.  after 
the  (haphra^nis  were  set  in  phice.  It  i^  evident  that  tlic  tliin 
<liaphrapns  are  howed  in  toward  the  centre  hy  the  maj^netic  at- 
traction ()i  the  permanent  poles.  This  inward  hendinj,^  not  only 
■distorts  the  diaphragm,  hnt  it  also  tends  to  make  it  hehave  partly 
like  a  stretched  memhrane  rather  than  like  a  simple  plate.  The 
Jaws  of  vihration  of  a  memhrane  and  of  a  plate  are  different. 
The  curve  ABC  indicates,  however,  a  tendency  to  follow  a  simple 
straight-line  law  from  the  origin,  toward  the  thicker  diaphragms, 
which  suffer  the  least  bending  and  have  the  largest  air-gaps. 

Graph  HIJK  shows  the  ''  sensitiveness  "  of  the  receiver  with 
the  various  successive  diaphragms,  as  deduced  from  the  diameters 
of  the  mean  corresponding  motional-impedance  circles.  These 
circles  are  reproduced  in  the  left-hand  top  corner  of  the  figure, 
for  the  japanned  diaphragms  only.  It  is  known  that  for  one  and 
the  same  telephone  receiver,  operated  at  constant  alternating- 
current  strength,  the  sensitiveness  of  the  apparatus  is  proix)rtional 
to  the  diameter  of  the  motional-impedance  circle.  It  will  he  seen 
that  the  graph  indicates  a  maximum  of  140  ohms,  near  to  o.  13  mm. 
thickness.  This  property  depends  both  on  the  mechanics  of  the 
diaphragm  and  on  the  electromagnetics  of  the  instrument,  as 
influenced  by  the  air-gap,  so  that  the  relation  to  diaphragm  thick- 
ness is  not  a  simple  one. 

Finally,  the  broken  line  LMNP  represents  the  successive  ob- 
served ^'  resonant  ranges  ''  of  the  instrument,  in  cycles  per  second, 
as  taken  from  the  mean  motional  circles.  The  resonant  range 
may  be  defined  as  the  difference  between  the  tw^o  frecj^uencies — 
one  on  each  side  of  the  resonant  frequency — at  which  the  kinetic 
energy  of  vibration  under  constant  alternating-current  excitation 
falls  to  one-half.  It  may  be  found  from  the  difference  of  the 
quadrantal  point  frequencies  in  the  circle.  Sharp  resonance  means 
a  small  range,  and  blunt  resonance  a  large  range.  Theoretically, 
the  resonant  range  of  a  simple  plate  diaphragm  should  vary  in- 
versely as  the  thickness ;  -  so  that  doubling  the  thickness  should 
halve  the  range.  The  graph  suggests  a  rough  approximation  only 
to  this  simple  theoretical  relation. 

It  may  be  observed,  as  a  matter  of  interest,  that  the  depres- 

'*' Motional-Impedance  Circle  of  the  Telephone  Receiver,"  by  H.  O. 
Taylor,  Proc.  Radio  Club  of  America,  June,  1917. 
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sion  anj^lcs  of  the  diameters  of  the  various  motional-impedance 
circles  remain  not  far  from  45  degrees  throughout  the  series. 

Conclusions. — The  observations  indicate  that  the  natural  fre- 
quency of  a  telephone  receiver  is  not  simply  proportional  to  the 
diaphragm  thickness — for  at  least  one  reason :  that  the  thin 
diaphragms  are  subject  to  greater  magnetic  distortion.  The 
observed  sensitiveness  passed  through  a  maxinuini  for  this  par- 
ticular instrument  near  to  the  thickness  of  0.23  mm.  The  resonant 
range  diminished  as  the  thickness  increased. 

More  than  fifty  motional-impedance  circles  were  measured 
and  computed  in  the  course  of  the  research. 

We  are  indebted  to  the  Western  Electric  Company  for  the 
various  samples  of  diaphragm  which  were  used  in  the  test,  and 
also  to  Mr.  H.  A.  Affel  for  his  assistance  and  suggestions. 


Packing  and  Plant  Handling  of  Hazardous  Chemicals.  N.  A. 
Laury.  {Metallurgical  and  Clieiuical  Engineering,  vol.  xvii,  No.  y^ 
p.  407,  October  i,  191 7.) — Many  attempts  have  been  made  to  devise 
a  safe  and  economical  package  for  the  transport  of  the  convenient 
quantity  of  one  or  two  hundred  pounds  of  acid  or  other  corrosive 
liquid,  but  nothing  has  yet  been  suggested  that  equals  the  standard 
form  of  wood-packed  glass  carboy  for  general  use.  The  greatest 
danger  in  the  handling  of  carboys  is  the  sudden  giving  away  of  the 
bottom  or  sides  of  the  box,  due  to  the  corrosion  of  the  nails  or  weak- 
ening of  the  wood  by  acid,  especially  after  long  storage.  This  danger 
can  be  satisfactorily  eliminated  by  the  use  of  wood  preservative. 
Untreated  boxes  last  about  two  years  under  normal  conditions.  Dur- 
ing this  period  the  box  has  to  be  renailed  three  times  and  requires  one 
new  bottom  and  one  new  cover.  Carboys  treated  two  years  ago  are 
still  in  service,  and  very  few  of  them  have  required  renailing  and  none 
have  had  new  covers  or  bottoms.  This  applies  also  to  the  standard 
lead  carboy  for  the  transport  of  hydrofluoric  acid.  Steel  drums  are 
used  for  this  purpose  in  Europe  and  are  said  to  be  safer  and  cheaper, 
but  they  are  not  yet  accepted  for  rail  shipments  in  this  country. 

There  is  in  current  use  a  stoneware  stopper  and  plaster-of-paris,. 
tied  down  with  cloth,  the  latter  sometimes  coated  with  tar  or  paraffin. 
If  the  plaster  is  mixed  in  small  quantities  and  applied  fresh,  it  holds 
so  firmly  that  the  carboy  may  be  moved  about  by  the  stopper,  but  in 
a  few  days  the  acid  loosens  the  grip  of  the  plaster,  and  the  cloth,  even 
when  treated,  crumbles  away.  The  safest  stopper  in  use  consists  of 
a  glass  or  stoneware  plate  with  a  tar  paper,  asbestos,  or  rubber 
jacket  held  on  by  a  wire  clip  like  a  fruit  jar. 
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{Proceedings  of  the  Stated  Meeting  held  Wednesday,  October  17,  1917.) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  October  17,  1917. 

President  Dr.  Walton  Clark  im  the  Chair. 

In  calling  the  meeting  to  order  the  Chairman  announced  tliat  a  number 
of  changes,  which  are  expected  to  be  only  temporary,  had  occurred  in  the 

Institute  management,  due  to  the  present  war.  Dr.  Owens,  the  secretary,  is 
now  with  the  American  Expeditionary  Forces  in  France  as  a  major  in  the 
Signal  Corps.  Mr.  T.  R.  Parrish,  Science  and  Arts  Assistant,  is  now 
lieutenant  in  the  Signal  Corps.  Mr.  William  C.  Wetherill,  chairman  of  the 
Committee  on  Science  and  the  Arts,  and  member  of  the  Board  of  Managers, 
is  at  present  located  in  Boston,  Mass.,  in  the  Naval  Aviation  Department 
of  the  Massachusetts  Institute  of  Technology,  where  he  will  receive  his 
commission  as  lieutenant,  and  Mr.  Theobald  F.  Clark,  member  of  the  Board 
of  Managers,  is  now  a  captain  in  the  Artillery.  The  Chairman  further 
stated  that  Dr.  George  A.  Hoadley  is  serving  as  Acting  Secretary  during  the 
absence  of  Dr.  Owens. 

Additions  to  membership  since  last  report.  13. 

Mr.  Louis  E.  Levy,  chairman  pro  ton.  of  the  Committee  on  Science 
and  the  Arts,  reported  the  conditions  of  the  work  of  the  committee. 

The  President  announced  that  the  first  business  of  the  meeting  would  be 
the  presentation  of  the  Edward  Longstreth  Medal  of  Merit  on  recommenda- 
tion of  the  Committee  on  Science  and  the  Arts,  and  recognized  Mr.  Louis  E. 
Levy,  who,  on  behalf  of  the  Committee  on  Science  and  the  Arts,  introduced 
Mr.  P.  Xoyes  Riedinger,  the  representative  of  the  Hooven.  Owens,  Rentschler 
Company,  of  Hamilton,  Ohio,  who  had  been  recommended  for  this  au-ard  for 
"  the  development  of  ingenious  methods  used  in  the  manufacture  of  the 
Hooven  Automatic  Typewriter." 

The  President  presented  the  medal  and  accompanying  certificate  to 
Mr.  Riedinger,  who  expressed  his  thanks  for  the  distinction  conferred  upon 
his  company. 

The  paper  of  the  evening  was  then  presented  by  Gellert  Alleman,  Ph.D., 
Professor  of  Chemistry.  Swarthmore  College,  Swarthmore,  Pa.,  entitled 
"Occluded  Gases  in  Ferrous  Alloys."  The  speaker  presented  a  compre- 
hensive review  of  previous  researches  and  investigations  on  occluded  gases, 
including  the  work  of  Graham,  Bessemer,  Parry.  Stead.  Weaver,  Richards, 
Pursell,  Brown.  Boudouard.  and  others,  with  a  description  of  some  of  the 
apparatus  used  by  the  various  investigators.  The  lecturer  then  described 
in  detail  a  new  apparatus  which  he  devised  and  has  employed  in  his  experi- 
ments.    The  changes  in  physical  and  chemical  properties  of   ferrous  alloys 
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due  to  the  presence  or  absence  of  gases  were  fully  dcscriljed.  The  lecture 
was  illustrated  hy  high-temperature  and  vacuum  apparatus  and  numerous 
lantern  slides.  In  the  discussion  which  followed  the  reading  of  the  paper, 
Mr.  Levy,  Doctors  Northrup  and  Hering,  and  others  participated. 

A  vote  of   thanks   was  extended  to   the  speaker,  and   the   meeting  then 
adjourned. 

George  A.  Hoadley, 
Acting  Secretary. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  of  Proceedings  of  the  Stated  Meeting   held   Wednesday, 

October  3,  iQi?-) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  October  3,  1917. 

Mr.  Louis  E.  Levy,  Chairman  pro  tern. 

The  following  report  was  presented  for  reconsideration  and  adopted : 

No.  2668. — Linear  Hot-Wire  Anemometer.  Recommended  that 
Howard  N.  Potts  Medals  be  awarded  to  Dr.  A.  E.  Kennelly, 
for  his  invention  of  the  Hot-wire  Anemometer,  and  to  Prof. 
Louis  Vessot  King,  for  his  improved  method  and  researches  in 
Hot-Wire  Anemometry. 

The  following  report  was  presented  for  Final  Action : 

No.  2702. — Austin  Organ.  Recommended  that  the  Edward  Long- 
streth  ]Medal  of  Merit  be  awarded  to  John  T.  Austin,  of 
Hartford,  Conn.,  for  his  invention  of  the  "  Universal  Wind 
Chest,"  and  its  practical  application  in  the  Austin  Organ. 

Geo.  a.  Hoadley. 
Acting  Secretary. 


SECTIONS. 

Mechanical  and  Engineering  Section. — A  meeting  of  the  Section  was 
held  in  the  Hall  of  the  Institute  on  Thursday  evening,  October  4,  1917,  at 
8  o'clock,  with  Dr.  George  F.  Stradling  in  the  chair.  The  paper  of  the 
evening,  entitled  "  The  American  Air  Service,"  was  presented  by  Dr.  W.  F. 
Durand,  Chairman,  National  Advisory  Committee  for  Aeronautics,  National 
Research  Council. 

The  lecturer  reviewed  the  various  steps  taken  in  the  development  of 
the  great  air  fleet  for  military  use  in  France,  and  referred  briefly  to  the 
equipment  of  the  different  types  of  machines,  their  chief  characteristics  and 
requirements  for  effective  service.  The  development  of  the  United  States 
aeronuatic  engine  was  described,  with  same  intimation  of  the  steps  taken 
for  its  production  in  large  quantity.  The  special  needs  of  the  naval  aeronautic 
service  were  also  discussed.     The  training  of  military  aviators  through  the 
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various  stages  was  consicU'red,  and  a  (lcscrii)lioii  was  xivcn  of  the  manner 
in  which  such  training  is  now  being  carried  out  at  the  various  training 
camps  in  the  I'nited  States. 

The  instrumental  and  mihtary  e(|uii)ment  of  a  modern  airplane  was 
described,  including  the  instruments  recpiired  for  navigation,  the  machine- 
guns,  bombs,  and  bomb-dropping  devices.  The  subject  was  illustrated  by  a 
large  collection  of  lantern  slides. 

After  a  brief  discussion  a  vote  of  thanks  was  exltiidcd  t..  the  si)eaker 
and  the  meeting  adjourned. 

Gkokge  a.  IIoaui.kv, 
Aciinq  Secretary. 

Electrical  Section.— A  joint  meeting  of  the  Section  and  the  Thiladelphia 
Section,  American  Institute  of  Electrical  Kngineers,  was  held  in  the  Hall 
of  the  Institute  on  Thursday  evening,  October  ii.  lyi-,  at  8  o'clock.  Mr. 
W.  C.  L.  Eglin  and  Mr.  Nathan  Hayward  presided  jointly. 

A  communication,  entitled  the  "  Propulsion  of  Ships,"  was  presented 
by  Mr.  Eskil  Berg,   of   the  General   Electric  Company,   Schenectady,   N.   Y. 

The  speaker  reviewed  briefly  the  present  methods  for  propelling  vessels, 
devoting  considerable  attention  to  the  steam  turbine  as  applied  to  marine 
propulsion.  Geared  turbines  and  electric  drive  installations  were  also  con- 
sidered, and  the  economical  and  efficient  results  obtained  from  such  installa- 
tions were  pointed  out. 

The  electric  propelling  machinery  installed  in  some  of  the  more 
recent  warships  was  described  in  detail.  The  subject  was  fully  illustrated 
by  lantern  slides. 

After  a  discussion  by  several  members  and  visitors  the  thanks  of 
the  meeting  were  extended  to  the  speaker. 

Adjourned.  George  A.  Hoadlev, 

Actiug  Secretary. 

MEMBERSHIP  NOTES. 

ELECTIONS    TO    MEMBERSHIP. 
(Stated  Meeting,  Board  of  Managers,  October  lo,  1917.) 

resident. 
Mr.  Charles  Hart,  President,  Delaware  River  Steel  Company,  Chester,  Pa. 
Mr.  William   F.   Turnbull,  Instructor,   University  of   Pennsylvania.   Phila- 
delphia, Pa. 

non-resident. 
Mr.  William  H.  Bassett,  Technical  Superintendent.  American  Brass  Com- 
pany, Waterbury,  and  for  mail,  Cheshire,  Conn. 
Mr.  Joseph  J.  Williams,  Mechanical  Draftsman,  Wadesville,  Ind. 

CHANGES    OF    ADDRESS. 

Mr.  Philip  Werner  Amram,  4000  Pine  Street,  Philadelphia,  Pa. 

Major   John    H.    Barr,    St.    Nicholas    Apartments,   2230    California    Street, 

Washington,  D.   C. 
Mr.  G.  E.  Chamberlain,  2044  Maplewood  Avenue,  Toledo,  Ohio. 
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Mr.   Francis   T.   Cn.\Miu:Rs,   605-608   New   Stock    Exchange    Building,    141 1 

Walnut  Street,  lMiila(lcli)hia,   Pa. 
Mr.  Harold  V.  Coes,  42  Forest  Street,  Monclair,  N.  J. 
Mr.  Samuel  H.  Collom,  505  Abbott  "Building,  Pliiladelphia,  Pa. 
Mr.  a.  de  Maceuo,  5340  Magnolia  Avenue,  Germantown,   Philadelphia,   Pa. 
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NECROLOGY. 


Virgil  G.  Bogue  was  born  at  Norfolk,  N.  Y.,  July  20,  1846,  and  died 
at  sea  on  October  14,  1917. 

His  early  education  was  obtained  in  his  native  town  and  at  Russell's 
Military  School,  New  Haven,  Conn.  He  graduated  from  the  Rensselaer 
Polytechnic  Institute  as  a  Civil  Engineer  in  1868.  Mr.  Bogue  began  his 
professional  career,  which  covers  nearly  fifty  years,  as  assistant  engineer 
of  Prospect  Park,  Brooklyn.  From  1869  to  1879  he  was  assistant  engineer  of 
the  Oroya  Railway  and  manager  of  the  Trajille  Railway  in  Peru.  He  then 
became  assistant  engineer  of  the  Northern  Pacific  Railway  Company,  and  for 
several  years  supervised  the  construction  of  the  railroad  across  the  states 
of  Idaho  and  Washington.  In  1886  he  was  appointed  chief  engineer  of  the 
Union  Pacific  Railroad,  and  five  years  later  opened  consulting  engineering 
offices  in  New  York  City. 

Mr.  Bogue  was  a  member  of  the  commission  appointed  by  President 
Harrison  to  investigate  the  methods  for  improving  navigaton  of  the  Columbia 
River.  He  was  consulting  engineer  for  the  Government  of  New  Zealand, 
and  acted,  in  the  same  capacity  for  the  Department  of  Public  Works  of 
New  York  and  the  Western  Maryland  Railroad. 

From  1905  to  1909  he  was  chief  engineer  and  vice-president  of  the 
Western  Pacific  Railway.  He  prepared  plans  for  the  improvement  of  the 
city  of  Seattle,  Washington :  for  the  Harbor  of  Tacoma,  and  for  Gray's 
Harbor,  Washington. 
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He   was   a    iiicinhcr   (»f    numerous    ciininccriiiK    societies    and   chilis.      He 
became  a  member  of  The  Krankhn  Institute  on  June  ii,  1914. 


Amos  Peaslee  Brown  was  born  in  Gcrmantown,  Philadelphia,  on 
December  3,  18O4,  and  died  at  Atlantic  City,  N.  J.,  on  October  9,  1917.  After 
a  general  educational  traininj^  he  entered  the  University  of  Pennsylvania  in 
1882  and  was  graduated  as   a  Mechanical   Engineer. 

From  1887  to  1889  he  served  as  an  aide  on  the  Second  Geological 
Survey  of  Pennsylvania,  and  in  the  latter  year  joined  the  staff  of  the 
University  of  Pennsylvania  as  instructor  in  mining  and  metallurgy.  He 
received  the  degree  of  Doctor  of  Philosophy  from  the  University  in  1892, 
and  was  appointed  professor  in  mineralogy  and  geology,  which  position  he 
held   until  May,   191 7,  when  he  resigned  on  account  of  ill-health. 

Dr.  Brown  was  the  author  of  numerous  papers  on  geology,  mineralogy, 
and  palaeontology,  and  in  1901  edited  "  Erni's  Mineralogy."  He  is  the 
author,  with  E.  T.  Reichert,  of  the  work  on  "  Crystallography  of  Haemo- 
globin," in  two  volumes,  published  in  1909. 

Doctor  Brown  was  a  member  of  the  leading  scientific  societies  of  this 
country.    He  became  a  member  of  The  Franklin  Institute  on  April  25,  1890, 


William  Horstmann  was  born  in  1855  and  died  on  October  11,  1917. 

When  a  young  man  he  was  employed  for  a  short  time  by  the  William 
H.  Horstmann  Company,  the  firm  founded  by  his  grandfather.  He  spent 
most  of  his  time  in  recent  years  in  travelling, 

Mr.   Horstmann  was   a  member  of   numerous  clubs   and   societies.     He 
became  a  member  of  The  Franklin  Institute  on  May  14,   1881. 


Edward  deVeaux  Morrell  was  born  at  Newport,  R.  I.,  on  August 
7,  1862,  and  died  at  Philadelphia  on  September  i,  1917. 

He  was  graduated  from  the  University  of  Pennsylvania  with  high  honors 
in  1885,  and  the  degrees  of  Master  of  Arts  and  Bachelor  of  Laws  were 
conferred  upon  him  in  the  year  1887,  in  which  year  he  was  also  admitted  to 
the  bar. 

In  1891  he  was  elected  a  member  of  Select  Council  of  Philadelphia, 
serving  for  three  years.  He  entered  the  National  Guard  of  Pennsylvania 
as  colonel  of  the  Third  Regiment,  was  promoted  to  inspector  general,  and 
later  became  brigadier  general,  commanding  the  First  Brigade.  He  was 
elected  a  member  of  the  Fifty-sixth  Congress  in  1900,  and  was  three  times 
re-elected,  serving  until  1907. 

General  Morrell  became  a  member  of  The  Franklin  Institute  on 
December  10,   1907. 

George  Smith  Rider  was  born  at  Providence,  R.  I.,  on  May  4,  1858, 
and  died  suddenly  at  Cleveland,  Ohio,  on  September   11,  1917. 

His  early  education,  as  well  as  his  collegiate  training,  was  received  in 
New  England,  where  he  also  began  his  engineering  career  as  apprentice 
with  the  Brown  &  Sharpe  Manufacturing  Company.  After  a  few  years 
of  travel  abroad  he  located  at  Cleveland,  Ohio,  and  obtained  a  position 
with  the  Warner  &  Swazey  Company.     He  next  became  connected  with 
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the  Cummer  Engine  Company,  where  he  remained  until  he  was  appointed 
an    instructor   at   the    University    School    of    Cleveland. 

While  connected  with  the  University  School  he  opened  a  consulting 
eiiKineerinjjf  office,  which  he  conducted  successfully  for  a  jjcriod  of  ahout 
fifteen  years.  Air.  Rider  devoted  his  attention  to  the  designing  of  power 
and  industrial  plants. 

lie  was  a  memher  of  the  leading  engineering  societies,  and  his  mem- 
hership  in  The  Franklin  Institute  dates  from  January  31,  1901. 

Mr.  Charles  A.  Catlin,  133  Hope  Street,  Providence,  R.  I. 

Mr.  Llewelyn  T.  McKee,  318  East  Market  Street,  Bethlehem,  Pa. 
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Poor's   Manual   of   Industrials,   vol.   8.     1917. 
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Sackur,  O. — Text-book  of  Thermochemistry  and  Thermodynamics.     1917. 
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GIFTS. 

Alberger  Pump  and  Condenser  Company,  Catalogues  E  and  No.  7,  and 
Bulletins  Nos.  16,  17,  20,  21,  and  22.  New  York,  1907-1916.  (From  the 
Company.) 

Allis-Chalmers  Manufacturing  Company,  Catalogue  No.  1632-A,  Centrifugal 
Pumps  and  Pumping  Units.  Milwaukee,  Wis.,  1915.  (From  the  Com- 
pany.) 

American  Bridge  Company,  Standards  for  Detailing.  Ambridge,  Pa.,  191 1. 
(From  the  Company.) 

American  Cement  Tile  Manufacturing  Company,  Bonanza  Cement  Tile  Roof- 
ing and  Data  Sheets,  Second  Edition,  Pittsburgh,  Pa.,  1914,  1917.  (From 
the  Company). 

American  Institute  of  Metals,  Transactions,  vol.  x,  1916.  Buffalo,  N.  Y., 
1917.     (From  the  Institute.) 

American  Steel  Export  Company,  Steel  and  Metals  Department  Catalogue. 
New   York,    191 7.      (From   the    Company.) 

American  Valve  and  Meter  Company,  Catalogue,  The  Anderson  Economy 
Switch  Stand.     Cincinnati,  no  date.     (From  the  Company.) 
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Atlas  rcirilaiul  Cement  C\)mi)any.  Ci)iicrclc  in  Kailroad  Construclioii ;  Ctmcrctc 

on  tlie  Farm,  aiul   Reinforced   C«)ncrete  in   Factory   Construction.     New 

York,    I9i5-i()i7,      (l^Voni    the    Company.) 
Blaw  Steel  Construction  Company,  Bulletins  Nos.  W».  67,  and  (x).     PittshurKli, 

Pa.,  1915.     (From  the  Company.) 
Bowser,  S.  F.,  &  Comi)any,  Inc.,  Bulletins  of  Oil  Tanks,  Pumps,  and  StoraKC 

Systems.     Fort   Waye,   Ind.,    n^i;.      (From    the   Company.) 
Bridgeport    Brass   Company,   Bulletin   No.    10.    Phono   Flectric   Trolley    \Vir«-. 

Bridgeport,  Conn.,  1917.     (From  the  Company.) 
British  Columhia  Department  of  Lands,  Water  Rights  Branch,  Report  for  the 

Year   Ending   Decemher  31,    1916.     X'ictoria,    1917.      (From    the    Depart- 
ment.) 
Buffalo  Department  of  Puhlic  Works,  Twenty-third  Annual  Report,  July   i, 

1914-June  30,  1915.     Buffalo,  N.  Y.,  1915.     (From  the  Department.) 
Buffalo   Meter   Company,   Catalogue  of   American  and   New   Niagara   Water 

Meters.     Buffalo,  N.  Y.,  1916.     (From  the  Company.) 
Builders   Iron   Foundry,   Bulletins   Nos.   84,  86,   and   90.     Providence,   R.    I., 

no  dates.      (From  the  Foundry.) 
Cameron,  A.   S.,   Steam   Pump  Works,   Bulletins   Nos.    151,   152,   7055,   7104, 

7150,  and  7251.     New  York,  1914-1917.     (From  the  Works.) 
Carborundum  Company,  Catalogue  No.  6,  Carborundum  and  Aloxite  Wheels 

for  all   Classes   of   Grinding.     Niagara  Falls,    N.   Y.,    1917.      (From   the 

Company.) 
Defender  Automatic   Regulator  Company,   Bulletins   G,  J,   K,   L,  M,   N,  O, 

and  R.     St.   Louis,  Mo.,   1917.     (Ji'rom  the   Company.) 
Detroit,  Mich.,  Department  of  Public  Works,  Forty-second  Annual   Report, 

June  30,  1916,  and  Preliminary  Report  on  Sewage  Disposal  for  the  City 

of  Detroit,  by  Clarence  W.  Hubbell,  Consulting  Engineer.     Detroit,  1916. 

(From   the   Department.) 
Detroit  Stoker  Company,  Catalogue  of  Type  "V"  Detroit  Stoker.     Detroit, 

Mich.,   1915.     (From  the  Company.) 
Eynon-Evans  Manufacturing  Company,  Catalogues  Nos.  15  and  16  of  Blowers 

and  Injectors.     Philadelphia,  no  dates.     (From  the  Company.) 
Federal  Trade  Commission,  Report  on  Anthracite  and  Bituminous  Coal,  June 

20,   1917.     Washington,   1917.     (From  the   Commission.) 
Frasse,  Peter  A.,  &  Company,  Inc.,  Catalogue  of  Frasse-Electric  and  Open- 
Hearth  Steels.     Philadelphia,  1917.     (From  the  Company.) 
Gleason  Works,  Catalogue  of  Gear  Planers.    Rochester,  N.  Y.,  1917.     (From 

the  Works.) 
Haverhill,  Mass.,  Engineering  Department,  Annual  Report  of  the  City  Engi- 
neer for  the  Y'ear  ending  December  31,  1916.     Haverhill,   1917.     (From 

the  Department.) 
Hayward  Company,  Catalogue  No.  43,  Hayward  Buckets.     New  York,  1916. 

(From  the  Company.) 
Hoevel  Manufacturing  Corporation,  Catalogue  F,  of   Sand  Blast  Machines. 

New  York,   1917.      (From  the  Corporation.) 
Hoppes  Manufacturing  Company,   Catalogue  No.  70.     Springfield,   Ohio,  no 

date.      (From  the  Company.) 
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Imperial  lirass  Manufactiiriiic^  Company,  Catalogue  No.  140,     Oxy-Acctylene 

Apparatus    and    Imperial    Welding    and    Cutting    Hand-book.      Chicago, 

1916-1917.     (From  the  Company.) 
Iron  and  Steel  Institute,  The  Journal,  vol.  xcv,  No.  i,  1917.    London,  England. 

1917.     (From  the  Institute.) 
Lehigh  University,  Register,  1916-1917.     South  Bethlehem,  Pa.,  191 7.     (From 

the  University.) 
Lincoln    Memorial    University,    Catalogue,    1917.      Harrogate,    Tenn.,    1917. 

(From  the  University.) 
Merchants'  Association  of  New  York,  Year  Book,   1917.     New  York,   1917. 

(From  the  Association.) 
Michigan    Pipe    Company,    Catalogue,    "  Michigan "    Combination    Steel    and 

Wood  Water  Pipe.     Bay  City,  Mich.,  no  date.     (From  the  Company.) 
Milton  Hersey  Company,  Paving  Economy,  Road  and  Street,  by  Charles  A. 

Mullen.     Montreal,  Quebec,  1917.     (From  the  Company.) 
National  Canners'  Association,  Report,  Relative  Value  of  Different  Weights 

of  Tin  Coating  on  Canned  Food  Containers.    Washington,  191 7.     (From 

the  Association.) 
National  Meter  Company,  Catalogue  of  Water  Meters.    New  York,  no  date. 

(From  the  Company.) 
Neptune  Meter  Company,  A  Quarter  Century  of  Trident  Success,  1892-1917. 

New  York,  1917.     (From  the  Company.) 
Ohio  State  University,  Catalogue,   1916-1917.     Columbus,   1917.      (From  the 

University.) 
Pittsburgh    Meter    Company,    Catalogue    of    Keystone    and    Eureka    Water 

Meters.     East  Pittsburgh,  Pa.,  1914.     (From  the  Company.) 
Queensland  Geological  Survey,  Department  of  Mines,  Geological  and  Topo- 
graphical Atlas  of  the  Gympie  Goldfield  and  Environs,  by  B.  Dunstan. 

Brisbane,  1910.     (From  the  Survey.) 
Queensland  Under  Secretary  for  Mines,  Annual  Report  for  the  Year   1916. 

Brisbane,  1917.     (From  the  Secretary.) 
Republic  Flow  Meters   Company,  Bulletin  No.  5,   Flow  Meters  for   Steam, 

Water,  Air,  and  Gas ;  and  Power  Efficiency  from  the  Boss'  Viewpoint. 

Chicago,  1917.     (From  the  Company.) 
Sebastian  Lathe  Company,  Catalogue  No.  21,  Lathes  and  Attachments.     Cin- 
cinnati, no  date.     (From  the  Company.) 
Shepard  Electric  Crane  and  Hoist  Company,  Bulletins  Nos.  60,  61,  505,  506, 

and  1904;  and  Hand-book  of  Hoisting  Machinery  for  Industrial  Works. 

Montour  Falls,  N.  Y.,  1917.     (From  the  Company.) 
Sherwood   Manufacturing   Company,   Catalogue  No.   17,   Engine   and  Boiler 

Appliances.     Buffalo,  N.  Y.,   1915.     (From  the  Company.) 
Strong,  Carlisle  &  Hammond  Company,  Catalogues  Nos.  8  and  9,  descriptive 

of  Frankfort  Furnaces.    Cleveland,  no  dates.     (From  the  Company.) 
Sullivan  Machinery  Company,   Catalogue   No.  69  of  Diamond   Core  Drills; 

and  Bulletins  Nos.  70-D,  70-E,  75-B,  and  75-C.     Chicago,  1917.     (From 

the  Company.  ) 
Superno   Company,  Inc.,  Superno  Patented  Integral  All-Steel  Superheaters. 

New  York,  no  date.     (From  the  Company.) 
Tokyo   Imperial   University,   Calendar,   1915-1916.     Tokyo,   Japan,    no    date. 

(From  the  University.) 
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Union   Water    Meter    Company,    CataloKUc    No.   4O,   Tlic    KinR    Disk    Meter. 

Worcester,  Mass.,   1907.     (From  the  Company.) 
United  Brass  Manufacturing  Company.  Catalogue  D-i,  Water  Works   Brass 

Goods.     Cleveland,   1916.     (From  the  Company.) 
U.  S.  Coast  and  Geodetic  Survey,   Results  of   Majs'iictic  Observations  made 

in  1916,  by  Daniel  L.  Hazard.     Washinjs'ton,  1917.     (From  the  Survey.) 
Virginia   Geological    Survey,   Bulletin   No.   xiii,  The   Clays  of   the    Piedmont 

Province,  X'irginia,  by  II.  Ries  and   R.  F.  Soinrrs.     Charlotte'^\  ill'-     i<H7. 

(From  the  Survey.) 
Webster  &   Perks  Tool   Company,   lUilletins   Nos.   i    to  35  of   Polishing  and 

Grinding  Machinery.    Springfield,  Ohio,  no  dates.     (From  the  Company.) 
Western    Australia    Water    Supply,    Sewerage,    and    Drainage    Dci>artment, 

Fourth  Annual  Report,  IQ15-1916.    Perth,  1916.    (From  the  Department.) 
Western  Electric  Company,  Electrical  Supply  Year  Book,  1918.     New  York. 

1918.     (From  the  Company.) 
Woodison,  E.  J.  Company,  Catalogue  of  Fire  Brick,  Foundry,  Platers'  and 

Polishers'  Supplies.     Detroit,  Mich.,  no  date.     (From  the  Company.) 
Worthington  Pump  and  Machinery  Corporation,  Bulletins,  BK-877,  880,  881, 

889,  lOOoB,   1600;  C-2iib;  D-400,  700,  800,  900;   L-530A,  L-533;   P-35A; 

W-i 77,  185-B,  20-I,  308,  600,  601,  and  602.    New  York,  1910-1917.     (From 

the  Company.) 


BOOK  NOTICES. 


Practical  Structural  Design,  by   Ernest  McCullough,   C.   E.   New   York, 

U.   P.   C.   Book   Company,    191 7.     303   pages,   illustrations,  6X9   inches, 

cloth.     Price,   $2.50. 

In  the  field  of  structural  design,  particularly  as  applied  to  building 
construction,  the  procedure  in  fixing  the  sizes  of  the  component  mem  'crs 
of  a  structure  have  been  reduced,  relatively  speaking,  to  a  few  simple  theo- 
rems of  statics  not  difficult  to  comprehend  and  apply  with  a  limited  mathe- 
matical equipment;  and,  with  the  protection  of  carefully  drawn  building 
laws,  no  very  serious  mistakes  can  be  made  on  occasional  problems  of  design 
which  might  strictly  require  an  analysis  beyond  the  powers  of  those  whose 
acquaintance  with  the  subject  is  thus  limited. 

The  book  is  primarily  intended  for  this  class  of  readers — men  who  cannot 
attend  evening  classes.  It  is  also  intended  as  a  text-book  in  such  classes.  The 
subject-matter  consists  of  the  usual  problems  of  practice,  which  really  con- 
stitute all  but  a  small  percentage  of  design  operations.  Being  limited  as 
to  mathematical  treatment,  some  important  theorems  have  to  be  stated  without 
formal  proof.  The  w^ork  is  divided  under  the  following  general  headings: 
External  Forces,  47  pages  ;  Internal  Forces,  29  pages  ;  Problems  in  Design  of 
Beams,  17  pages;  Girders  and  Trusses,  34  pages;  Joints  and  Connections,  71 
pages ;  Graphic  Statics,  34  pages ;  Columns  and  Struts,  54  pages ;  Index, 
8  pages. 

The  work  is  very  practical  as  well  as  deductive  in  treatment  and  is  well 
adapted  to  the  needs  of  evening-school  students. 

LUCIEN    E.    PiCOLET. 
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Camuia  / )rf>(irfiiiriit  of  Mines.  Miiirs  Jiranch:  lUilletin  No.  15,  The 
Miniiij?  of  Tliin-ioal  Scams  as  Applied  to  the  J^astern  Coal-fields  of  Canada, 
by  j.  I*".  Kellock  lirowii.  135  paji^es,  illustrations,  plates,  maps,  Svo.  Ottawa, 
Government   IVinting  Bureau,  1917. 

Los  Aufjclcs  City  Club:  Report  on  Government  Ownership  of  Public 
Utility  Service  Undertakings.  Prepared  by  the  Committee  on  Municipal 
Ownership.     38  pages,  diagram,  8vo.     Los  Angeles,  City  Club,  1917. 

Iowa  Agricultural  Experiment  Statiofi:  Bulletin  No.  172,  Managing  a 
Tuberculous  Herd.  12  pages,  illustrations.  Circular  No.  38,  Soft  Cheese 
Making,  by  R.  W.  Brown  and  M.  Mortensen.  4  pages.  Circular  No.  39, 
Hay  and  Pasture  Seedings.  12  pages,  illustrations.  3  pamphlets,  8vo.  Ames, 
Iowa,  Station,  1917. 

University  of  Illinois  Bulletin:  The  Effect  of  Mouthpieces  on  the  Flow 
of  Water  Through  a  Submerged  Short  Pipe,  by  Fred  B.  Seely.  Bulletin  No. 
96,  Engineering  Experiment  Stations.  53  pages,  illustrations,  8vo.  Urbana, 
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An  Apparatus  for  Separating  Visible  from  Invisible  Light. 
W.  S.  Andrkws.  {Ccncral  l-lcctnc  Review,  vol.  xx,  No.  lo.  j).  .S17. 
October,  i()i 7.) — A  llux  of  i)urc'  iiivisihlf  lit^lii  is  necessary  for  llie 
examination  of  the  true  lUiorcscent  colors  of  lluoresceiit  coniiK)un(ls 
or  for  other  purposes.  1  he  author  has  constructed  a  simple  and 
inexjiensive  api)aratus  for  this  purpose,  based  on  a  method  of  separat- 
ing the  invisible  ultra-violet  rays  from  visible  light  of  a  mixed  si)ec- 
trum  described  by  Prof.  R.  W.  Wood  in  a  lecture  before  the  Royal 
Institution  of  Great  Britain  in  \()\\.  The  ai)j)aratus  consists  essen- 
tially of  a  suitable  light  source,  a  (juartz  lens,  a  pinhole  (liai)hragm, 
and  a  screen  mounted  along  an  axis  in  the  order  named.  A  light 
containing  a  large  percentage  of  ultra-violet  radiation  may  be  i)ro- 
duced  by  a  high-tension   disruptive   spark  between   iron   terminals. 

The  operation  of  this  instrument,  which  naturally  must  be  in  a 
darkened  room,  is  based  on  the  fact  that  the  mean  focus  of  visible 
light  is  located  at  measurable  distance  beyond  the  mean  focus  of 
invisible  ultra-violet  light,  owing  to  the  greater  refrangibility  of 
the  latter  over  that  of  the  former.  If,  therefore,  the  diaphragm  is 
adjusted  to  bring  the  pinhole  into  the  exact  mean  focus  of  ultra- 
violet light,  the  rays  of  the  latter  will  i)ass  through  the  pinhole  and 
spread  out  again  on  the  other  side  of  the  diaphragm.  The  mean 
focus  of  visibe  light  being  at  some  distance  beyond  the  j)inhole,  these 
rays  will  be  largely  intercepted  by  the  diai)hragm,  and  only  a  few 
of  the  nearly  parallel  rays  of  visible  light  will  pass  through  the  pin- 
hole. In  operation,  if  the  screen  is  made  of  non-Huorescent  mate- 
rial, there  will  appear  on  it  only  a  small  illuminated  spot,  but  if  it  is 
coated  with  a  fluorescent  substance,  such  as  i)ovvdere(l  willemite.  the 
small  luminous  spot  will  be  surrounded  by  a  disk  of  bright  green  light 
produced  by  the  fluorescence  of  the  willemite  excited  by  the  circular 
field  of  the  invisible  ultra-violet  rays.  Should  it  be  found  desir- 
able to  eliminate  the  spot  of  visible  light,  a  small  metal  disk  can  be 
set  up  in  such  a  position  as  to  cast  its  shadow  over  the  spot  and  so 
transform  it  into  a  dark  spot,  leaving  the  disk  of  green  fluorescent 
light  otherwise  unimpaired. 

The  apparatus  resembles  somewhat  in  general  form  an  ordinary 
projecting  lantern,  and  is  valuable  for  determining  the  exact  fluores- 
cent colors  of  various  compounds.  When  such  compounds  are  ex- 
posed to  the  direct  rays  of  an  open  iron  spark,  their  true  fluorescence 
is  marked  to  a  greater  or  lesser  degree  by  the  visible  light  com- 
ponent of  the  spark,  this  being  especially  the  case  with  compounds 
that  show  only  a  weak  intrinsic  fluorescence.  When  a  compound  is 
placed  within' the  field  of  the  ultra-violet  rays  of  this  separator,  it 
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shows  its  true  lluorcsccnt  color,  and  the  i)assin<4'  it  thus  into  a  vis- 
ually (lark  field  and  its  bcc(jniin<;-  thereby  illuminated  produce  a 
surprising  and  interesting  effect. 

The  Spectroscopic  Determination  of  Small  Amounts  of  Lead 
in  Copper.  C.  \V.  IIjll  and  G.  P.  J.uckey.  {Proceedings  of  the 
Anicriciui  lilectroclicmical  Society,  October  3-6,  1917.) — A  rapid 
method  for  the  determination  of  lead  in  factory  samples  of  copper 
depending  upon  spectroscopic  observation  has  been  under  develop- 
ment by  the  authors.  A  known  weight  of  copper  is  placed  in  a  slight 
cavity  in  a  lower  positive  graphite  electrode,  and  a  fixed  or  rotating 
carbon  negative  electrode  is  used  above.  A  grating  spectroscope 
serves  to  observe  the  spectrum.  The  time  required  to  cause  the 
disappearance  of  the  bright  lead  line  in  the  spectrum,  or  to  cause  its 
enfeeblement  to  a  certain  dimness,  is  measured  with  a  stop-watch. 
With  a  carefully  regulated  arc,  the  times  vary  regularly  with  the 
amount  of  copper  used  and  with  its  percentage  of  lead;  e.g.,  from 
14  seconds  with  0.2  gramme  of  copper  containing  o.(X)4  per  cent,  lead 
to  2'/y  seconds  with  i  gramme  of  copper  containing  0.038  per  cent, 
lead.  The  results  are  sufficiently  reliable  for  practical  use  in  the 
copper  refinery. 

The  use  of  the  arc  is  limited  to  the  determination  of  small  amounts 
of  impurities  which  are  volatilized  at  a  comparatively  low  tempera- 
ture in  the  presence  of  a  metal  which  is  not  rapidly  volatilized  at  a 
comparatively  high  temperature  which  gives  a  steady  arc,  the  exist- 
ence of  strong  characteristic  spectrum  lines  being  assumed.  The 
method  might  be  applied  to  metals  of  low  boiling-point  or  even  to 
salts  by  substituting  a  heating  strip  in  place  of  the  arc  and  securing 
the  arc  or  spark  spectrum  from  the  vapors  arising  from  the  heating 
strip. 

Extruded  Metal.  Anon.  (The  Metal  Industry,  vol.  15,  No.  10, 
p.  435,  October,  1917.) — Metal  wire  and  rod  made  by  the  extrusion 
process  is  coming  more  and  more  into  common  use,  according  to  the 
Scovill  Bulletin.  For  many  years  wire  and  rod  have  been  made  by 
the  drawing  process  in  which  the  metal  is  pulled  through  dies,  suc- 
cessively reducing  its  diameter  or  shape.  Volume  of  production  was 
limited  at  first  by  the  time  consumed  in  attempting  to  reduce  the  wire 
too  much  at  one  draft,  which  resulted  in  pulling  the  metal  apart, 
and  in  the  frequent  annealings  necessary  to  soften  the  wire.  By  the 
extrusion  process  the  metal  is  pushed  through  the  die  while  quite  hot, 
thus  overcoming  at  once  the  two  limiting  conditions  of  wire-drawing. 
The  wire  does  not  break  because  it  is  pushed  through  the  die,  and 
it  does  not  get  hard  because  it  retains  its  softening  temperature 
during  the  extruding.  The  process  has  been  used  in  producing 
lead  wire  and  lead  pipe  for  a  number  of  years.  The  problem  of 
extruding  lead,  however,  presents  very  few  difficulties,  as  the  soft- 
ness of  the  lead  allows  it  to  be  forced  through  the  steel  die  cold. 
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Vov  lead  exlrusion,  the  necessary  e(jiiij)nient  consists  of  a  multi- 
ple i)lunger  pump,  a  hydraulic  accumulator,  and  a  hydraulic  press 
with  attachments.  Urietly  these  attachments  consist  of  a  heavy  steel 
cylinder  w  ith  a  die-holding  arrangement  on  one  end,  the  other  end 
being  oj^en  to  form  a  close  fit  to  the  plunger  or  ram  of  the  hydraulic 
press.  In  extruding  lead  wire,  a  large  i)iece  of  lead  is  placed  within 
this  cylinder  and  the  press  started.  Lead  wire  will  thnv  continuously 
from  the  hole  in  the  die  until  the  ram  reaches  the  end  of  its  stroke; 
it  is  then  withdrawn  for  a  new  supi)ly  of  lead.  During  the  two  strokes 
of  the  ram  there  occurs  no  break  in  the  lead  wire,  the  second  supply 
of  lead  welding  i)erfectly  to  what  remains  of  the  initial  charge.  In 
producing  lead  pipe,  a  long  arbor  is  used,  the  jioint  of  which  enters 
the  die  in  such  a  way  as  to  form  a  ring-shaped  nozzle  which  deter- 
mines the  cross-section  of  the  pipe. 

Recognizing  the  possibilities  of  this  i)rocess,  exj^eriments  were 
made  with  the  object  of  producing  brass  rod  and  wire  by  the  extru- 
sion process.  Difficulties  at  once  arose.  It  was  found  that  to  secure 
desired  results,  all  the  metal  must  be  quite  hot  during  the  extruding, 
that  hydraulic  presses  of  great  power  were  necessary,  and  that  dies 
suitable  for  lead  extrusion  would  not  withstand  the  temperatures 
essential  to  successful  results.  These  difficulties  have,  however,  been 
overcome  and  a  number  of  firms  are  now  making  brass  rod  by  the 
extrusion  process.  A  valuable  feature  of  this  process  is  the  practica- 
bility of  extruding  the  brass  through  odd-shaped  dies  to  form  cer- 
tain cross-sections  very  expensive  to  obtain  by  other  methods. 

Largest  Ingot  Mould  Ever  Made.  Axon.  {Mining  and  Scien- 
tific Press,  vol.  115,  Xo.  15,  p.  543,  October  13,  1917.) — The  largest 
ingot  mould  ever  made  has  just  been  poured  by  the  Bethlehem  Steel 
Company  at  South  Bethlehem,  Pa.  Its  dimensions  are  15  feet 
7  inches  high,  with  a  mean  diameter  of  913^  inches,  its  shape  being 
octagonal  and  corrugated.  At  its  thinnest  section  or  point  of  corru- 
gation the  thickness  of  the  metal  is  15  inches,  and  the  heaviest  section 
is  20^  inches.  A  mould  of  this  size  is  made  so  that  steel  can  be 
poured  into  it  to  form  ingots  large  enough  to  be  reconverted  into 
16-inch  and  18-inch  guns.  A  steel  ingot  poured  in  this  mould  will 
weigh  300,000  pounds,  and  from  it  tubes  and  jackets  for  the  large 
guns  will  be  forged.  Before  the  mould  can  be  used  large  steel  bands, 
12  inches  wide,  must  be  shrunk  around  each  end  of  the  casting  after 
it  has  cooled.  Because  of  the  necessity  of  pouring  this  large  mould 
quickly,  Bessemer  pig-iron  was  melted  in  three  large  open-hearth 
steel  furnaces  and  the  melted  iron  suspended  in  ladles  over  the  mould 
at  one  time.  A  continuous  runner  from  the  ladles  was  made  so  that 
the  iron  was  thoroughly  mixed  before  entering  the  mould.  It  took 
340,000  pounds  of  pig-iron  to  pour  the  casting,  not  counting  the 
10,000  pounds  needed  later  to  fill  up  the  sink-heads  so  as  to  take 
care  of  the  natural  shrinkage.  The  mould  had  to  be  left  covered 
in  the  sand  for  a  considerable  time  to  completely  cool.     Two  large 
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iiM^-ton  cranes  wtTc  used  to  lift  it  from  its  i)it  and  pre])are  it  for 
transference  to  the  open-liearth  departnienl,  where  it  will  he  used 
rej^nlarly  for  castinjj^  in^^ots. 

The  French  Official  Horsepower  Formula  for  Rating  Auto- 
mobile Engines.  Axox.  {'/'lie  Autocar,  vol.  xxxix,  No.  1145,  ]). 
300,  Septeniher  J(j,  \^)\y.) — The  (juestion  of  a  formula  which  will 
give  some  fairly  ai)i)roximale  idea  or  reasonable  basis  of  comparison 
of  the  power  ca])acity  of  an  internal -combustion  engine  has  long  been 
of  interest.  In  ICngland  it  is  well  known  that  for  taxation  purposes 
the  Government  ado])ts  the  R.A.C  formula,  D'~  x  N  ^  2.5,  D  l)eing 
the  cylinder  diameter  in  inches  and  A^  the  number  of  cylinders.  The 
drawback  to  this  formula  is  that  no  regard  is  i)ai(l  to  the  question  of 
the  effect  of  varying  ])iston  stroke  on  the  power  development.  Ac- 
cording to  Cycle  and  Aiitoiuohilc  Industries,  in  hTance  a  new  formula 
has  been  issued  by  the  Ministry  of  Public  Works,  and  is  now  being 
employed  by  the  Service  des  Mines  for  determining  the  amount  of 
annual  tax  payable  by  car  owners. 

The  new  formula  is  H .P.  =  N  x  K  x  D^  x  L  x  w  -^  60 ;  in  which  iV 
is  the  number  of  cylinder;  K  a  constant  whose  value  is,  for  single 
cylinders  0.002,  for  two  cylinders  0.00017,  for  four  cylinders  0.00015, 
and  for  more  than  four  cylinders  0.00013 ;  D  the  bore  in  centimetres, 
L  the  stroke  in  centimetres,  and  n  the  number  of  revolutions  for  the 
maximum  speed  of  the  car  on  the  level.  While  on  the  basis  of  equal 
bore  and  stroke  the  French  formula  gives  a  lower  rating  in  the 
case  of  two-  and  four-cylinder  engines  than  the  British,  the  intro- 
duction of  the  stroke  in  the  formula  has  a  marked  upward  effect 
on  the  horsepower  rating  of  the  engines.  It  is  apparent,  however, 
that  one  of  the  drawbacks  of  the  new  French  formula  will  be  the 
problem  of  deciding  as  to  the  number  of  engine  revolutions  to  be 
taken  into  account,  the  maximum  speed  of  the  car  depending  on 
many  variable  quantities.. 

Suggested   Reforms  in  Some   Chemical  Terms.     C.   Hering. 

{Proceedings  of  the  American  Electrochemical  Society,  October  3-6, 
1917.) — Physical  chemistry  has  done  so  much  for  the  benefit  of 
chemistry  that  chemists  should  in  return  recognize,  readjust,  and 
redefine  some  of  their  terms  to  bring  about  a  better  concordance 
with  physical  chemistry  and  a  better  consistency  in  pure  chemis- 
try. The  author's  purpose  is  to  point  out  some  of  these  deficiencies 
and  to  suggest  a  few  reforms  which  would  help  to  systematize  these 
terms,  make  them  more  consistent  with  each  other  and  with  modern 
developments,  and  to  simplify  the  conceptions  involved.  The  scope 
of  the  discussion  is  limited  to  that  branch  of  chemistry  in  which 
electrons  are  involved,  no  attempt  being  made  to  embrace  organic 
chemistry  and  the  chemistry  of  non-electrolytes. 

A  number  of  recommendations  are  made.  These  are :  A  more 
precise  distinction  should  be  made  between  different  kinds  of  bonds. 
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The  term  ralcnic  slionld  Ik-  niorr  strictly  (U'tiiu'd.  and  iK*j4;ati\c  and 
zero  valences  shonld  he  inchided.  A  proposed  i)ractical  unit  for 
measnrinj^  electrons  should  he  used.  The  ionicnl  state  should  l)e 
considered  as  difTerini^-  in  kind  from  either  the  free  or  the  conihittcii 
state.  I\C(iiuti(>n  should  include  all  and  only  cases  of  reductions  in 
valence,  and  o.vidiifion  all  and  only  cases  of  an  increase  in  valence, 
hence  the  new  term  adductiiui.  The  sij^nificance  of  the  j^^ainin^  and 
losinij  of  electrons  should  he  more  clearly  understood;  the  si^n  of 
electrode  i)otentials  is  then  more  easily  understood.  As  sometimes 
stated.  I'^araday's  law  is  not  a  universal  one;  it  is  a  corollary  to  a 
more  hasic  one. 

Cooling  Underground  Cables.  Anon.  (lilcctrical  I T arid,  vol. 
70.  No.  15.  p.  7-?o.  October  13.  1917.) — During  the  last  summer  a 
central  station  company  in  the  Middle  W^est  which  oi)erates  a 
rather  extensive  underground  cable  system  made  several  exj)eri- 
ments  with  the  hope  of  discovering  an  effective  means  of  reducing 
the  operating  temperature  of  its  lead-covered  cables.  While  none 
of  the  cx})erimcnts  dc\  eloped  any  i)articularly  successful  method,  the 
results  of  the  experiments  may  be  of  some  value  to  other  companies 
contemplating  similar  tests.  The  first  experiment,  in  which  an 
attempt  was  made  to  cool  the  manholes  and  conduits  by  ])lacing 
ice  in  the  holes,  was  a  failure.  Each  day  for  three  days  200  i)ounds 
of  ice  was  placed  in  each  of  three  manholes.  The  centre  manhole 
was  on  the  top  of  a  hill,  and  at  that  point  a  recording  thermometer 
was  stationed.  The  ice  seemed  to  have  no  effect  on  the  temperature, 
so  the  quantity  of  ice  in  each  manhole  was  doubled.  This  did  not 
•affect  the  temperature,  and  the  experiment  was  discontinued. 

A  forge  blower  fan  was  then  placed  in  the  previously  mentioned 
middle  manhole  and  was  connected  to  a  6-inch  sewer  tile  vent,  which 
extended  a  distance  of  about  10  feet  to  the  inside  of  the  street  curb. 
This  fan  was  kept  running  24  hours  a  day,  exhausting  approximatel\- 
300  cubic  feet  of  air  per  minute.  Although  the  fan  exhausted  a 
considerable  quantity  of  warm  air.  the  recording  thermometers  did 
not  show  any  appreciable  effect  on  the  temj^erature  of  the  manhole. 

Following  these  experiments,  it  was  decided  to  try  cooling  the 
cables  by  water.  It  was  found  that  with  a  stream  of  water  at  82°  F., 
flowing  at  the  rate  of  one  gallon  per  minute,  the  temperature  at  the 
discharge  end.  which  was  251  feet  distant,  was  108°  F.  On  account 
of  the  condition  of  the  cable  in  the  district  where  this  experiment 
was  made,  further  investigation  was  considered  unwise.  It  was 
therefore  impossible  to  follow  this  apparently  most  successful  inves- 
tigation to  a  point  that  would  give  definite  results. 

Cracking  Nuts  by  Centrifugal  Force.  Anon.  (Scientific 
American,  vol.  cxvii.  Xo.  13.  p.  2^2.  September  29,  19 17.) — Palm 
oil  and  ,palm-nut  kernels  to  the  value  of  about  $7,000,000  are  im- 
ported annually  by  the  United  States,  the  bulk  of  which  come  from 
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llic  west  coast  of  Africa,  small  (|uantitics  from  Mexico,  and  recently 
it  has  been  discovered  that  palm  nuts  are  also  to  be  found  in  Cen- 
tral America.  J'rom])ted  by  the  ICuropean  war's  efifect  upon  ship- 
ments from  Africa,  and  the  difficulty  ex])erienced  in  developing 
business  in  Mexico  on  account  of  internal  troubles,  a  company  with 
headquarters  in  Los  Angeles  hivaded  Central  America  and  is  making 
preparations  to  develop  the  industry  on  a  very  extensive  basis.  This 
company  started  with  about  fifteen  tons  of  machinery  designed 
especially  for  the  purpose. 

The  machine  is  a  particularly  clever  device,  in  that  it  cracks  nuts 
solely  by  centrifugal  force.  It  is  shaped  somewhat  like  a  drum  and 
measures  six  feet  in  diameter.  It  stands,  when  the  top  feed  and  the 
bottom  discharge  have  been  added,  nearly  seven  feet  high,  and  weighs 
approximately  6000  pounds,  the  main  casting  alone  weighing  3400 
])ounds.  The  nuts  are  conveyed  in  a  steady  stream  to  the  hopper  at 
the  top,  and  from  the  hopper  they  drop  into  a  fast-revolving  drum- 
wheel,  which  throws  them  with  great  force  against  a  continuous  sta- 
tionary belt  of  breaker-blocks  lining  the  inside  surface  of  the  main, 
drum-shaped  casting.  A  pressure  of  about  1800  pounds  is  required 
to  crack  them,  as  the  nuts  have  an  extremely  hard  shell,  about  a  half 
inch  thick.  The  drum-wheel,  turning  on  a  perpendicular-set  axle,  is 
speeded  to  800  revolutions  per  minute  and  hurls  the  nuts  on  a  tangent 
a  distance  of  but  two  feet.  This  force  is  sufficient  to  break  the  shells 
into  several  pieces  and  release  the  kernels.  Deflected  by  the  down- 
ward-sloping surface  of  the  breaker-blocks,  the  kernels  and  hulls 
drop  toward  the  bottom  of  the  machine,  where  they  enter  a  dis- 
charge pipe  and  are  separated  from  each  other  by  a  system  of 
blowers.  The  machine  has  a  capacity  of  about  ten  tons  of  nuts  per 
hour. 

The  difficulty  experienced  heretofore  in  preparing  these  nuts 
for  the  market  was  the  matter  of  cracking  the  hard  inner  shell.  In 
Mexico  this  work  is  ordinarily  done  by  hand,  and  is  tedious  and 
slow.  The  machine  solves  the  problem  very  advantageously  because 
of  its  greater  capacity,  and  in  that,  by  cracking  the  nuts  by  centrif- 
ugal force,  the  kernels,  for  the  most  part,  remain  whole  and  do  not 
lose  any  of  their  oil.  Preparations  are  also  being  made  for  the  re- 
moval of  the  outer  hull  by  machinery  designed  somewhat  on  the 
same  principle  as  the  large  cracker.  The  only  hand  work  will  be  the 
gathering,  and  this  is  usually  done  by  raking  the  nuts  into  piles  after 
they  have  fallen  from  the  tree,  or  by  cutting  the  bunches  from  the 
trees  before  they  begin  to  fall. 
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The  general  properties  of  gels — or  jellies — are  familiar  lo  us, 
but  their  inner  structure  is  a  matter  of  some  dispute.  J.  ^L  van 
Bemmelin,  Biitschli,  and  many  others  consider  gels  to  be  two- 
phase  systems — a  more  concentrated  solution  as  a  network  of 
cell-walls  enclosing  a  more  dilute  solution  of  the  same  substance. 
The  whole  system  is  solid  or  semi-solid  and  extremely  viscous. 
In  the  opinion  of  von  \\>imarn,  the  ultimate  structure  is  minutely 
granular — even  crystalline — and  any  coarser  network  is  a  sec- 
ondary formation. 

Emulsoids  are  two-phase  liquids  closely  related  to  gels.  In 
fact,  emulsoids  may  change  to  solid  gels  by  evaporation,  cooling, 
or  a  change  in  the  distribution  of  water,  for  example,  between 
the  two  phases,  thus  altering  their  relative  concentrations.  Hot 
fluid  emulsoids  of  agar  or  gelatine  with  water  "  set  "  to  gels  on 
cooling,  but  silicic  acid  gels  set  on  the  mere  mixing  of  cold-water 
solutions  of  sodium  silicate  and  a  suitable  acid.  After  standing 
some  time  the  silicic  acid  forms  two  phases  with  the  water,  one 
more  concentrated  than  the  other,  and  when  the  proper  distribu- 
tion is  reached  solidification  results.     Manganese  arsenate  gels 


*  Presented  at  a  meeting  of  the  Section  of  Physics  and  Chemistry  held 
Thursday,  January  25,   1917. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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so  rigid  they  hold  their  shape,  unaided,  as  well  as  any  fruit  jelly 
also  set  without  cooling  or  evaporation.  1Mie  gels  of  ferric  ar- 
senate and  ferric  phosphate  set  on  dialysis — a  removal  of  acids, 
hases,  and  salts. 

As  a  preface  to  a  study  of  crystal  formation  in  any  of  these 
gels  we  must  note  their  retarding  the  rates  of  diffusion  of  acids, 
bases,  and  salts,  and  their  prohibition  of  diffusion  of  colloids. 
The  mesh  structure  of  gels  must  be  practically  equivalent  to  a 
network  of  capillary  channels  filled  with  the  less  concentrated 
phase.  It  follows,  then,  that  the  presence  of  substances  affecting 
the  distribution  of  water  between  the  two  phases  must  affect  the 
size  of  these  channels  and  change  the  rates  of  diffusion  above 
mentioned.  For  example,  Hatschek  states  that  such  salts  as  ci- 
trates and  sulphates  produce  more  rigid  gels,  but  iodides  and  sul- 
phocyanates  retard  or  prevent  gel  formation.  Bechold  adds  that 
sulphates,  glucose,  alcohol,  and  glycerol  retard  diffusion,  while 
urea,  iodides,  and  chlorides  accelerate  it. 

The  influence  of  certain  gels — or  jellies — on  crystal  growth 
is  illustrated  by  many  crystalline  minerals.  It  is  very  probable 
that  gelatinous  silicic  acid  was  the  ancestor  of  cpartz  and  by 
gradual  dehydration  became  hard  silica  rock.  In  the  gelatinous 
medium  reactions  took  place  under  conditions  favoring  the  for- 
mation of  crystalline  veins.  For  example,  the  reduction  of  gold 
salts  produced  crystals  of  gold,  veining  the  gel,  which  later  be- 
came quartz.  A  convincing  part  of  this  development  can  be  re- 
produced in  the  laboratory. 

To  the  geologist  a  working  method  of  duplicating  many  such 
processes  of  Nature  must  be  of  great  value.  To  the  chemist  a 
study  of  reactions  in  gels  gives  a  useful  control  of  relative  con- 
centrations and  velocity  of  reactions.  The  pathologist  finds  in 
the  subject  some  relation  to  the  formation  of  crystalline  material 
in  animal  tissue. 

Silicic  acid  gels  are  discussed  in  this  paper  more  than  any 
other,  but  other  gels  function  in  a  similar,  though  usually  less 
effective,  manner. 

HISTORICAL. 

E.  Hatschek  ^  did  much  important  work  in  this  field,  attracted 
doubtless  by  the  experiments  of  R.  E.  Liesegang.    The  latter  ob- 

^  Kolloid  Z.,  8,  193  (1911)  ;  Ihid.,  10,  yj  (1912)  ;  Ihid.,  10,  124  (1912)  ; 
Ihid.,  10,  265  (1912). 
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sciNod  that  if  a  drop  of  siKcr  nitrate  Milmion  was  placed  (»n  a 
tilni  of  ^clatiiH'  j^cl  containing;'  potassium  diclironiatc  the  precij)i- 
tated  sil\er  dichroniate  was  formed  in  concentric  rin^s  separated 
l)v  clear  intervals.  'I'his  "rhythmic  handin^^  "  of  **  Liese^anj^'s 
rinj^s  "  will  he  discussed  in  a  later  paper.  Whether  a  disk  of 
i^el  or  a  tuhe  i)artly  tilled  with  a  j;el  he  used,  the  essential  feature 
is  that  one  suhstance  shall  diffuse  into  a  ^el  containinj.;^  another 


Mixed  crystals  of  silver  sulphate — silver  chromate  with  silver  dichromate  below. 


substance,  with  which  it  reacts  to  form  a  rather  insoluble  com- 
pound. Rhythmic  bands  may  form  or,  under  different  conditions, 
separate  crystals  of  remarkable  size  and  shape. 

Hatschek  and  Simon  -  reduced  gold  salts  in  silicic  acid  gels 
by  the  use  of  oxalic  acid,  ammonium  formate,  ferrous  sulphate, 
sodium  sulphite,  carbon  monoxide,  sulphur  dioxide,  hydrogen, 
ethylene,  etc.     \\'hen  illuminating  gas  was  used  as  a  reducing 

^  KoUoid  Z.,  14,  115   (1914)  ;  J..Soc.  Chem.  Ind..  31,  439. 
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ai^cnt  a  black  deposit  of  carbon  always  appeared  mixed  with  the 
guld.  Since  graphite  sometimes  occurs  with  gold  in  quartz  veins, 
this  experiment  is  suj^^<i^estive. 

Hatschek's  usual  method  of  work  was  to  make  a  5  to  20 
per  cent,  gelatine  gel  or  a  1  to  5  per  cent,  agar  gel  containing, 
for  example,  a  small  amount  of  potassium  dichromate.  This 
was  allowed  to  solidify  in  a  test-tube  and  covered  with  a  solution 
of  silver  nitrate.  11ie  silver  ion  slowly  diffusing  dow^n  into  the 
gel  reacted  with  the  dichromate  ion  to  form  silver  dichromate  in 
small  crystals.  In  191 1  Hatschek  reported  these  crystals  0.5 
mm.  long  in  10  per  cent,  gelatine;  lead  dichromate  0.03  mm. 
long  in  2  per  cent,  agar;  lead  chloride  2  mm.  long  in  agar; 
barium  carbonate  o.i  mm.  long  in  5  per  cent,  gelatine;  potassium 
sulphate  0.2  mm.  long  in  5  per  cent,  gelatine.  He  also  prepared  a 
number  of  other  crystalline  compounds,  such  as  lead  iodide,  lead 
sulphate,  lead  chromate,  calcium  sulphate,  and  barium  silico- 
fluoride.  Later  he  used  silicic  acid  gels  as  the  media  for  dif- 
fusion, and  obtained  larger  crystals.  In  191 3  he  reported  lead 
chloride  crystals  15  mm.  long.  He  was  unable  to  make  crystal- 
line sulphides  in  gels. 

His  reduction  of  gold  chloride  in  silicic  acid  with  oxalic  acid 
yielded  beautiful  crystalline  gold  and,  by  varying  the  conditions, 
colored  colloidal  gold. 

Hatschek  held  that  the  concentration  and  nature  of  the  gel 
determined  the  form  and  size  of  the  crystals.  The  inelastic  gels 
like  silicic  acid,  he  thought,  v^ere  superior  to  the  elastic  organic 
gels  like  agar  and  gelatine.  He  wrote  of  "  the  practically  uni- 
versal tendency  to  form  spherical  bodies  in  agar  and  gelatine," 
although  he  did  obtain  some  crystals  in  these  media. 

Hatschek  ^  made  gels  of  silicic  acid  by  mixing  sodium  silicate 
solutions  wath  hydrochloric  acid.  The  diffusion  of  a  lead  salt  into 
this  gel  formed  crystals  of  lead  chloride.  In  similar  fashion  he 
treated  sodium  silicate  with  sulphuric  acid  and  caused  lead  or 
calcium  salts  to  diffuse  into  the  gel,  thus  forming  crystalline 
sulphates  of  lead  or  calcium.  With  phosphoric  acid  gels  he  ob- 
tained crystalline  phosphates  of  copper,  calcium,  and  strontium. 

Simon*  grew  the  well-know^n  "  lead  tree  "  in  a  silicic  acid  gel 
containing  lead  acetate.   A  bit  of  zinc  or  tin  was  pressed  into  the 

^  KoIIoid  Z..  10.  77   (1912). 
*Ib{d.,  12,  171   (1913). 
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top  oi  ihc  i;cl.  I  foiiiul  that  if  the  gel  is  about  o.oj  X  witli  re- 
spect to  lead  acetate  a  splendidly  branching  tree  grows  and  may 
be  handled  roughly,  since  it  is  supported  on  all  sides  by  a  solid. 

]*ringsheini  ^  slates  that  when  two  salt  solutions  diffuse  into 
a  gel  in  opposite  directions  the  reaction  does  not  pnKeed  beyond  a 
thin  film  if  the  solutions  are  isotonic.  A  hyi)ertonic  solution  con- 
tinues to  diffuse  into  a  hypotonic,  and  any  precipitate  formed  is 
deposited  in  the  latter.  In  accord  with  this  idea,  Ilatschek  often 
added  indifferent  substances  to  the  solution  on  top  of  the  gel  in 
order  to  insure  reaction  below  the  gel  surface. 

Liesegang  ^*  found  that  the  older  opinion  that  growth  of  a  pre- 
cipitate in  a  gel  was  limited  to  one  side  of  the  initial  precipita- 
tion film  did  not  hold  for  quinol  on  silver  nitrate.  I  confirmed 
Liesegang's  finding  by  several  new  examples.  He  also  obtained 
silver  crystals  in  gelatine  by  reducing  silver  nitrate  with  ferrous 
sulphate. 

Gerhart '  placed  a  solid  reacting  substance  in  a  test-tube,  cov- 
ered with  a  mixture  of  water-glass  and  a  suitable  acid  before  the 
gel  set,  and,  after  it  became  solid,  poured  a  solution  of  the  second 
reacting  substance  on  top.  Both  salts  then  diffused  into  the  gel 
and  met.  Gerhart  found  alum  and  potassium  nitrate  to  have 
considerable  influence  on  the  form  of  crystals  deposited. 

Hausmann  ^  obtained  crystalline  halides  of  thallium  in  gela- 
tine. 

Dreaper  ^  dispensed  with  a  gel  as  a  medium  for  reactions  and 
used  a  single  capillary  tube.  For  example,  a  capillary  tube  filled 
with  3  per  cent,  lead  acetate  was  immersed  in  5  per  cent,  hydro- 
chloric acid.  Crystals  of  lead  chloride  nearly  i  mm.  long  formed 
in  the  capillary.  Sand  in  wide  tubes  functioned  the  same  as  a 
single  capillary.  Dreaper  considered  relative  rates  of  diff'usion  and 
concentration  of  the  incoming  solution  the  determining  factors. 

Ernest  Marriage  ^^  studied  the  arrangement  and  size  of  lead 
iodide  crystals  in  fruit  gels  and  jams.  The  various  fruit  jellies 
and  jams  influenced  the  precipitation  of  lead  iodide  in  dift'erent 

'Z.  phys.  Chem.,  17,  473  (1895). 

^ Kolloid  Z.,  17,  141   (1915). 

^  Tsch.  Min.  Mitt.,  28,  347  (1908)  ;  Ibid.,  29,  185  (1910). 

^Z.  anorg.  Chem.,  40,  no  (1904). 

^ J.Soc.Chem.Ind.,    32,  678  (1913)  ;  Kolloid  Z.,  14,  163  (1914). 

^^  KoUoid  Z.,  II,  I   (1912)  ;  Sci.  Am.  Sup.,  77,  375   (1914). 
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wavs,  and  use  was  made  of  this  fad  in  detectin<;  adulteration  of 
commercial  products. 

De  Schulten,"  1)\  the  slow  admixture  of  extremely  dilute  solu- 
tions of  barium  chloride  and  sulphuric  acid,  obtained  crystals  of 
barium  sulphate  that  in  a  month  measured  5  mm. 

Deiss^-  prei)ared  a  i^el  of  MnllAs04  by  mixin^^  equal  vol- 
umes of  TO  per  cent.  IMnClo  and  KlT^As04.     On  standing  three 


Zinc-ammonio  chloride  crystals  lining  a  dry  cell. 

months,  rose-colored  crystals  of  the  same  composition  as  the  gel 
separated. 

Kohler,^'^  in  a  study  of  "  rhythmic  crystallization  of  sulphur," 
states  that  "  the  viscosity  of  the  hquid  must  be  so  great  that  the 
rate  of  flow  towards  the  crystallizing  part  is  slower  than  the  rate 
of  crystallization."  This  compares  with  slowness  of  diffusion  in 
a  gel. 


^  Compt.  rend.,  136,  1444   (1903) 
^"^  Kolloid  Z.,  14,  139  (1914)- 
^^ Ihid.,  17,  10  (1915)- 
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Shiilaiisky  and  ( iics  ^*  ohscrvcd  that  **  in  I  In-  put  rr  fact  inn  •»! 
meat  crystals  i)\  aniinonio-niaj^ncsium  phosphate  api)i'ar  early 
and  accunuilate  rai)idly,"  due  tt)  hacterial  activity.  This  pajK-T 
and  a  similar  one  by  Perlzwei^  and  (iies  '•''  may  have  some  l>ear- 
iui;  on  the  subject  because  of  the  hydrated  colloid  nature  of  ani- 
mal tissue. 

Creii^hton  ""'  added  the  inlluence  of  a  weak  current  oi  elec- 
tricity to  tlie  process  of  diffusion  in  <;elatine.  L'sinj(  an  iron 
anode  and  a  ^el  containinti;  ])otassium  ferricyanide,  TurnbuH's 
Blue  appeared  in  stratified  layers — not  crystalline,  however. 
Braun  '"  believed  that  certain  phenomena  attending  the  forma- 
tion of  sulphides  and  the  deiX)sition  of  copper  in  capillary  spaces 
previously  noted  by  A.  C.  Becquerel  are  of  an  electrochemical 
nature,  as  Becquerel  ^^^  had  suggested :  "  Sur  des  noveaux  effets 
chimicjue  produits  dans  les  action  capillaire."  These  phenomena 
are  partly  dependent,  according  to  \\\  Ostwald,^^  on  the  semiper- 
meability  of  precipitated  membranes. 

In  a  paper  on  "  Electrostenolysis,"  H.  X.  Hohnes  -^  reported 
on  electrocapillary  action  in  insoluble  powders. 

The  observation  of  Henri  Becquerel  that  solutions  of  copper 
sulphate  and  sodium  sulphide  meeting  by  diffusion  through  a 
fine  crack  in  a  glass  tube  formed  minute  crystals  of  copper  sul- 
phide relates  to  Dreaper's  experiment  with  the  single  capillary. 

Cornu's  great  series  of  papers  -^  on  the  significance  of  gels  in 
geology  are  an  important  part  of  the  literature. 

As  will  be  shown  elsewhere  in  this  paper,  slow  diffusion 
processes  in  the  earth's  crust  have  much  to  do  with  the  forma- 
tion of  crystalline  mineral  deposits.  John  Clark,^^  in  "  A  Chemi- 
cal Study  of  the  Enrichment  of  Copper  Sulphide  Ores,"  gives  a 
suggestive  account  of  the  reducing  action  of  hydrogen  sulphide 
and  amorphous  sulphur. 

^*  Biochem.  Bull,  3,  45   (1913). 
^^  Ihid.,  3,  69  (1913)- 

"Journal  of  the  Fraxklix  Ixstitute.  182.  745   (1916). 
^"^  Ann.  der  Physik  und  Chemic.  44,  507  (1891). 

^^Compt.  rend.,  64,  919   (1867)  :  Ibid.,  65,  51,  720   (1867)  ;  Ibid.,  66.  77, 
245,  766,  1066  (1868)  :  Ibid.,  67,  1081   (1868). 
'"Z.  phys.  Chem.,  6.  75   (1890). 
^  J.  Am.  Chem.  Soc.,  36,  784  (1914). 
^^KoIIoid  Z.,  vols.  1-5, 
^  Bull.  Univ.  of  N.  Mex.,  1,  79  (1914)- 
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W.  11.  Kninions,-''  in  a  similar  paper  on  "  The  Enrichment 
of  Sulphide  Ores,"  remarks,  "  'J\)  the  chemist  this  paper  is  an 
api>eal  for  more  experimental  data  on  the  important  mineral 
syntheses  involved  in  the  process." 

P.  Krusch--*  investij^ated  primary  and  secondary  ores  with 
especial  reference  to  the  j;el  and  the  rich  heavy  metal  ores. 

Interesting-  changes  in  glass  structure  are  given  in  U.  S.  G.  S. 
Monograph  32,  on  "  Spherulites  and  Lithophyse,"  and  in  a  paper 
published  by  George  H.  Williams  in  an  early  issue  of  the  Johns 
Hopkins  Circular. 

Johnston,  Merwin,  and  Williamson, ^^  discussing  "  The  Sev- 
eral Forms  of  Calcium  Carbonate,"  state  that  "  aragonite  is 
precipitated,  as  is  well  known,  even  at  ordinary  temperatures  in 
a  solution  of  a  salt  from  which  a  carbonate  isomorphous  with 
aragonite  may  be  precipitated.  Aragonite  is  precipitated  in  the 
presence  of  a  lead  salt  formed  around  nuclei  of  cerussite  (PbCOg) 
in  parallel  orientation."  It  seems  to  me  that  these  authors  might 
well  try  the  precipitation  of  calcium  carbonate  in  a  neutral  gel 
containing  a  lead  salt.  Crystals  of  unusual  size  might  be  ob- 
tained and  thus  facilitate  their  study. 

Doelter  -^  considers  that  practically  all  substances  are  colloidal 
when  first  precipitated.  W^hat  we  call  amorphous  bodies  are  very 
close  to  the  crystalline.  The  tendency  to  pass  from  the  colloidal 
to  the  crystalloidal  condition  is  greatly  influenced  by  pressure, 
shock,  light,  and  long-continued  heating.  Doelter  proved  his 
point  by  laboratory  experiments.  He  was  led  to  declare  that 
minerals  whose  formation  was  once  thought  to  require  high 
temperatures  may  easily'be  formed  without  such  temperatures. 

Stephen  Taber,^"^  in  ''  The  Origin  of  Veins  of  Asbestiform 
]\Iinerals,"  makes  a  valuable  contribution  to  the  study  of  crystal 
growth.  "  The  shape  of  a  growing  crystal  is  controlled  by  one 
or  more  of  three  independent  factors,  namely :  ( i )  The  tendency 
to  assume  a  regular  polyhedral  form  because  of  the  forces  of 
surface  tension  and  molecular  orientation;  (2)  the  relative  and 
absolute  magnitude  of  the  external  forces  resisting  growth  in 

''Bull  U.  S.  G.  S.,  No.  529,  II- 

^  Min  and  Set.  Press,  107,  418  (1913)- 

^  Am.  J.  Sci.,  41,  473   (1916). 

^Kolloid  Z.,  S,  29,  86   (1911). 

-' Xaf.   Acad.   Sci.,   2,   659    (1916). 
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different  Jiroctions  ;  and  (  3  )  the  aeeessihilily  of  the  material  I'mm 
which  the  crystal  is  bnilt.  As  a  resnlt  of  the  first  factor  some 
substances  normally  crystallize  in  slender,  acicnlar  or  hair-like 
forms,  hut  an  asbestiform  structure  is  never  produced  without 
the  assistance  of  one  of  the  other  two  factors.  Crystal  growth 
under  uiic(jnal  pressure  undoubtedly  explains  tlie  development  of 
fibrous  structure  in  some  instances.  The  solubilit\-  of  most  sub- 
stances increases  with  the  pressure,  and  therefore  crystal  i^rowth 


Basic  mercuric  chloride  in  silicic  acid  containing  an  excess  of  base. 

-may  be  Hmited  to  the  direction  of  least  pressure.  This  hypothesis 
is  not  appHcable,  however,  to  fibres  that  develop  normal  to  the 
walls  of  the  vein.  Moreover,  the  veins  frequently  intersect  and 
run  in  all  directions  through  a  given  rock  mass.  Such  occur- 
rences of  abnormal  fibrous  structure  must  therefore  be  attributed 
largely  to  the  circumstance  that  the  material  for  growth  was 
-accessible  only  in  one  direction." 

In  another  paper  on  ''Pressure  Phenomena  Accompanying  the 
Vol.  184,  No.  1104 — 52 
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Growth  uf  Crystals"  labcr -''  remarks:  *' Cr^'stallization  is  re- 
tarded or  prcveiUcd  in  supcrsaluratcd  solutions  which  occupy 
small  capillary  or  subcapillary  spaces;  therefore  crystals  may  be 
supplied  with  material  for  growth  by  diffusion  through  solutions 
occupying  such  spaces,  and  the  increase  in  volume  due  to  the  en- 
trance and  deposition  of  new  material  must  result  either  in  the 
expulsion  of  part  of  the  solution  or  the  enlargement  of  the  space 
occupied  by  the  growing  crystals.  .  .  .  Crystals  grow 
in  directions  in  which  external  forces  oppose  growth  whenever 
the  surfaces  under  pressure  are  in  contact  with  a  film  of  super- 
saturated solution,  and  it  is  possible  to  supply  the  material  for 
growth  by  slow  diffusion  through  subcapillary  spaces,  as  great 
resistance  is  offered  to  the  expulsion  of  solution  from  such  open- 
ings. The  conditions  requisite  for  crystal  growth  under  pressure 
commonly  obtain  in  the  rocks  of  the  earth's  crust,  and  many 
phenomena  connected  with  the  metamorphism  of  rocks,  the 
growth  of  concretions,  and  the  formation  of  mineral  deposits 
are  difficult  of  explanation  under  any  other  hypothesis  than  that 
growing  crystals  have  made  room  for  themselves  by  exerting 
pressure  on  the  surrounding  material." 

METHODS     OF     WORK. 

I  found  it  convenient  to  mix  equal  volumes  of  solutions  of 
sodium  silicate  and  some  acid,  pouring  the  water-glass  into  the 
acid  and  mixing  quickly  and  thoroughly.  Before  the  silicic  acid 
set  to  a  solid  one  of  the  reacting  salts  was  mixed  with  this  solu- 
tion, which  was  then  poured  into  test-tubes.  After  the  gel  set, 
the  other  salt  solution  designed  to  react  with  the  first  was  poured 
on  top.  The  solution  on  top  should  have  a.  greater  osmotic  pres- 
sure than  the  gel  to  insure  reaction  within  the  gel  instead  of 
above  the  surface. 

The  water-glass  used  was  a  commercial  grade  known  as 
"  water  white,"  with  a  density  of  1.375.  The  ratio  of  the  NasO 
to  the  SiOg  was  i  to  3.5.  When  diluted  to  a  density  of  1.06  and 
titrated  against  hydrochloric  acid,  using  phenolphthalein  as  an 
indicator,  it  was  equivalent  to  0.51  N  acid.  With  methyl  red  as 
indicator  the  normality  was  0.57. 

This  particular  water-glass  was  used  at  the  1.06  density  for 
many  experiments  because  weaker  solutions  were  too  slow  in  the 

^Uhid.,  3,  297  (1917) ;  A^-  /.  Scl,  41,  532  (1916). 
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set  of  the  silicic  acid.  With  this  concentration  an  equal  volume 
of  N  acetic  acid  was  suitable  for  most  of  the  experiments.  Such 
a  gel  set  over  night  and  contained  a  small  excess  of  acid.  It 
was  reasonably  clear.  This  rather  arbitrary  selection  really 
marked  the  lowest  concentration  limit  for  working  convenience. 
Acetic  acid,  0.75  N,  serves  as  well  and  gives  less  excess  acid. 
Several  other  acids  were  used  for  special  pur|X)ses,  but  the  time 
of  set  varied  with  the  acid.     A  partial  list  follows: 

1.06  density  sodium  silicate  with  equal  volume  N  acetic  acid  set  in  6  hours. 

1.06  density  sodium  silicate  with  equal  volume  N  formic  acid  set  in  36 
hours. 

1.06  density  sodium  silicate  with  equal  volume  NN  phosphoric  acid  set 
in  10  minutes. 

i.o(>  density  sodium  silicate  with  equal  volume  N  hydrochloric  acid  set 
in  10  days. 

1.06  density  sodium  silicate  w^ith  equal  volume  N  sulphuric  acid  set  in- 
definite. 

1.06  density  sodium  silicate  with  equal  volume  N  nitric  acid  set  in  4  weeks. 

This  applies  only  to  the  particular  water-glass  described 
above.  Considering  convenience  in  time  of  set,  clearness  of  the 
gel,  and  failure  to  split  as  the  gel  contracts,  the  following  table 
W'ill  be  found  more  useful,  except  in  respect  to  acetic: 

1. 16  density  sodium  silicate  with  equal  volume  3  N  acetic  acid  set  in  1  hour. 

1.08  density  sodium  silicate  with  equal  volume  of  3  N  formic  acid  set  in  48 
hours. 

1.06  density  sodium  silicate  with  equal  volume  2  X  hydrochloric  acid  set 
in  5  days. 

1.06  density  sodium  silicate  with  equal  volume  6  N  sulphuric  acid  set  in 
I  day. 

1. 10  density  sodium  silicate  with  equal  volume  2  N  nitric  acid  set  in  2  days. 

Temperature  changes  affect  the  time  of  set  considerably.  I 
made  a  few  tests  with  water-glasses  of  different  composition  and 
found  it  possible  to  get  good  results  with  them  also.  In  one 
the  ratio  of  NaoO  to  SiOg  was  i  to  2,  its  density  1.69,  and, 
diluted  to  1.06,  the  solution  was  equivalent  to  0.67  N  acid  with 
phenolphthalein  as  indicator.  In  another  the  ratio  of  NaoO  to 
SiOs  was  I  to  4,  the  density  1.34,  and,  diluted  to  1.06,  the  solu- 
tion was  equivalent  to  0.46  N  acid. 

New  tables  of  time  of  set  should  be  constructed  on  the  basis 
of  the  normality  of  the  particular  water-glass  at  hand.     For 
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exanii)le,  a  1.06  watcr-^lass  C(|uivaleiit  to  0.67  X  acid  must  l)e 
mixed  with  an  c(|ual  volume  of  more  than  X  acetic  acid  to  ^ive 
results  similar  to  those  in  the  table. 

Pourin^]^  the  mixture  l)efore  it  solidifies  into  the  l)en(l  of  a  U 
tube  gives  the  experimenter  excellent  control  of  conditions.  The 
two  reacting  solutions  poured  separately  into  the  arms  of  the  U 
tube  slowly  diffuse  through  the  gel  and  meet,  often  forming  a 


Silver  dichromate  crystals  in  alundum  powder. 


sharp  precipitation  band.     Any  amount  of  either  solution  can  be 
used  in  this  method. 

Hatschek,  in  some  of  his  work,  directs  that  the  mixture  of 
water-glass  and  acid  be  dialyzed  to  free  it  from  excess  acid  and 
salts.  Addition  of  very  little  ammonia  sets  the  gel.  In  other  ex- 
periments he  did  not  dialyze,  I  do  not  find  it  necessary  or  de- 
sirable to  dialyze  out  the  acid  and  salts.  Their  influence  on  crys- 
tal formation  or  development  of  banding  is  beneficial  in  most  in- 
stances.    In  a  number  of  experiments  I  used  a  large  excess  of 
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acid,  aiul  in  others  added  salts  or  iioii-electrolytes  to  secure  cer- 
tain effects. 

Dorylaiul  -'*  su^^gested  that  a  mixture  of  water-j^lass  and  just 
enoui^h  acid  to  make  a  neutral  solution  would  set  to  a  j^^el  in 
minimum  time.  Trauhe  and  Kohler  •'"  came  to  a  similar  con- 
clusion in  rci^ard  to  the  effect  of  acids  and  hases  on  j^clatine. 
This  led  me  to  make  hasic  gels  hy  using  less  acid  than  enough  to 
neutralize  the  sodium  silicate.  In  this  way  a  \ery  |)rofital)le  held 
of  investigation  was  opened  up.  J)asic  salts,  for  example,  may 
not  be  studied  in  gels  containing  excess  acid.  A  mixture  of  e(|ual 
volumes  1.06  density  water-glass  and  0.5  X  acetic  acid  is  very 
slightly  basic  and  sets  in  about  three  minutes.  Other  water- 
glasses  must  be  titrated  to  get  similar  figures. 

EXPERIMENTAL    PART. 

Hatschek's  gold  was  so  interesting  and  spectacular  that  it 
seemed  advisable  to  vary  his  methods.  He  used  a  sodium  silicate- 
hydrochloric  acid  gel  with  oxalic  acid  as  a  reducing  agent.  Phos- 
phorus in  ether,  as  well  as  a  number  of  other  reducing  sub- 
stances, was  also  tried  by  Hatschek. 

After  duplicating  a  number  of  his  results  I  varied  the  acid 
used  in  making  the  silicic  acid  gel  and  secured  by  far  the  most 
spectacular  effects  when  the  gel  was  made  by  mixing  sodium 
silicate  with  sulphuric  acid.  That  this  was  due  in  part  to  the 
presence  of  sulphate  was  proved  by  comparing  an  oxalic  acid 
reduction  of  gold  chloride  in  a  w^ater-glass-acetic  acid  gel  with  a 
similar  one  containing,  in  addition,  considerable  sodium  sulphate. 
The  first  gave  very  little  crystalline  gold — mostly  the  colored  col- 
loidal form.  Addition  of  soluble  sulphate  developed  a  few  color 
bands  in  the  second. 

To  secure  a  dazzling  display  of  gold  crystals  which  gleam 
brilliantly  in  the  sunlight,  I  found  the  best  way  w^as  to  mix  equal 
volumes  of  1.06  density  sodium  silicate  and  3  N  sulphuric  acid. 
To  25  c.c.  of  this  mixture  i  c.c.  of  i  per  cent,  gold  chloride  was 
added.  This  gel  set  in  about  one  week.  Then  the  solid  gel  (in  a 
test-tube)  was  covered  with  8  per  cent,  oxalic  acid  solution.  In 
several  hours  the  crystal  growth  was  marked,  and  in  a  few  days 
at  its  best.  

^  Private  communication. 

^^ Intern.  Zcitsch.  phys.-chem.  Biol.,  2,  42   (1915)- 


756  TIarkv  X.  Holmes.  [J.F.I. 

A  remarkable  diUcrciicc  appeared  when  j.iO  density  water- 
glass  was  used  instead  of  1.06  with  the  3  N  sulphuric  acid.  With 
the  same  reducing  solution — 8  j^er  cent,  oxalic  acid — a  series  of 
splendidly  colored  bands  of  colloidal  gold  was  obtained.  The 
upper  layer  of  the  first  bands  was  red,  below  that  blue,  and  below 
that  green.  A  comparatively  clear  gap  below  this  was  followed 
by  another  red-blue-green  zone.  Usually  after  the  first  few  rain- 
bows the  red  was  omitted.  A  dozen  or  more  such  bands  in  an 
ordinary  test-tube  were  not  uncommon — the  upper  bands  meas- 
uring about  I  cm.  in  depth.  Golden  crystals  were  dispersed  all 
through  these  gels,  but  it  should  be  noted  that  the  1.06  water- 
glass-3  N  sulphuric  rarely  developed  colored  colloidal  gold — only 
the  yellow  crystals. 

Many  variations  in  concentrations  were  tried.  Excellent  re- 
sults were  obtained  with  0.5  c.c.  of  i  per  cent,  gold  chloride  in 
25  c.c.  of  gel,  but  2  c.c.  was  not  so  good,  and  with  much  less 
than  0.5  c.c.  the  gold  was  too  thin.  Even  2  per  cent,  oxalic  acid 
was  effective  as  a  reducer,  but  a  saturated  solution — about  8  per 
cent. — was  most  satisfactory.  A  very  little  gum  tragacanth  mixed 
with  the  gel  to  reduce  the  gold  chloride  resulted  in  blue  colloidal 
gold  uniformly  distributed. 

Copper. — Perfect  tetrahedrons  of  metallic  copper  were  ob- 
tained in  a  1.06  water-glass-N  acetic  acid  made  0.05  N  with  re- 
spect to  copper  sulphate.  The  gel  was  covered  with  a  i  per  cent. 
solution  of  hydroxylamine  hydrochloride.  In  a  week  or  two  the 
tetrahedrons  were  large  enough  to  observe  with  the  unaided  eye. 
Those  formed  near  the  surface  were  much  smaller  than  those 
at  greater  depths.  Of  course,  the  farther  the  reducing  solution 
diffused  into  the  gel  the  more  dilute  it  became.  In  a  beam  of 
sunlight  the  faces  of  the  tetrahedrons  gleamed  with  a  splendid 
copper  lustre.  In  nearly  all  experiments  one  or  more  groups  of 
overlapping  tetrahedrons  were  noted.  These  formed  in  three 
radiating  lines,  making  angles  of  120  degrees,  or  in  some  in- 
stances of  60,  120,  and  180  degrees.  This  arrangement  of 
copper  crystals  is  found  in  mineral  deposits.  All  the  other  re- 
ducing solutions  tried  were  inferior  to  hydroxylamine. 

The  presence  of  small  amounts  of  glucose,  cane-sugar,  alco- 
hol, or  glycerol  in  the  gel  caused  the  formation  of  a  good  deal  of 
red  feathery  stuff.  The  presence  of  sodium  sulphate  aided  crys- 
tallization. 
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With  a  basic  i^a'l  very  different  results  were  obtained.  Glu- 
cose— a  few  grammes  of  25  c.c. — was  mixed  with  a  1.08  water- 
glass-0.5  N  acetic  acid  gel  and  covered  with  0.5  N  copi)cr  sul- 
phate. After  a  few  months  close  bands  of  rather  anvjrphous 
cuprous  oxide  extended  down  the  gel  for  a  distance  of  about  12 
cm.  At  first  the  bands  were  yellow,  hut  as  they  aged  they  turned 
to  a  dull  red.    At  one  time  both  colors  were  in  evidence,  the  newer 
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The  influence  of  chlorides  on  the  distribution  of  mercuric  iodide.    The  tube  at  the  left  contains 

sodium  chloride — the  others  do  not. 

bands  yellow.  Near  the  surface  of  the  gel  a  blue  deposit  of 
cupric  hydroxide  formed.  This  reaction  is  suggestive  of  Feh- 
ling's  test  for  glucose.  Of  course,  no  copper  complex  is  used 
here,  but  evidently  slow  diffusion  permits  the  reduction  from 
cupric  hydroxide  to  cuprous  oxide. 

It  has  been  suggested  that  this  method  gives  opportunity  for 
studying  a  reaction  in  its  various  stages.  The  control  of  concen- 
trations and  the  rates  of  diffusion  pave  the  way. 
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Usin^  a  U  tube  containintr  a  i.io  water-f,dass-o.5  X  acetic 
acid  ^cl  in  the  ])eiKl  and  0.5  X  copper  sulphate  in  one  arm  and  i 
per  cent,  hydrowlaniine  in  the  other,  bhie-white  l)ands  with  a 
yellow  front  appeared,  later  red  cuprous  oxide,  and,  finally,  red 
tetrahedrons  of  metallic  copper. 

Sihrr  Pichroniatc. — A  1.06  water-glass-X  acetic  acid  gel  was- 
set  in  the  bend  of  a  U  tube  and  the  arms  filled  with  o.i  molar  sil- 
ver nitrate  and  o.  i  molar  potassium  dichromate.  ^linute  dark- 
red  crystals  soon  formed.  In  one  test-tube  experiment  a  single 
crystal  of  silver  dichromate  measured  5x5x1  mm.  This  was 
after  a  few  months'  growth.  In  a  U  tube  experiment  a  thin 
red  sheet,  i  cm.  long,  was  found — so  thin  that  it  was  a  clear  red 
!)}•  transmitted  light.  Thicker  crystals  were  almost  black.  The 
presence  of  very  little  gum  tragacanth  or  starch  in  one  of  these 
gels  hindered  the  formation  of  good  crystals  and  favored  the 
development  of  spherulites. 

Lead  Iodide. — Lead  iodide  crystals  had  been  made  by  other 
investigators,  but  merited  further  study.  This  is  one  of  the 
easiest  to  make  and  most  spectacular  of  all  the  crystal  exhibits. 
A  1.06  water-glass-X""  acetic  acid  mixture  containing  2  c.c.  of  N 
lead  acetate  to  every  25  c.c.  was  poured  into  test-tubes.  After 
the  silicic  acid  gel  set  firmly  it  was  covered  with  2  X  potassium 
iodide.  A  compact  layer  of  lead  iodide  quickly  formed  on  the 
surface,  followed  very  soon  by  crystallization  below  the  surface 
of  the  gel.  In  a  few  days  fern-like  fronds  grew  dow^n  into  the 
gel,  mixed  \vith  many  hexagonal  plates.  These  concentrations 
may  be  varied  with  interesting  results,  and  the  lead  salt  may  be 
used  above  the  gel  with  the  potassium  iodide  in  the  gel.  The 
first  order  is  much  better.  Magnificent  golden  fern  fronds,  8 
cm.  in  length,  and  nearly  perfect  hexagons,  5  mm.  in  diameter, 
were  obtained  in  some  experiments.  In  one  or  two  tubes  six 
hexagons  grouped  around  a  centre  much  like  the  arrangement  in 
some  snow  crystals.  On  standing  in  direct  sunlight  for  several 
months  the  lead  iodide  crystals  blacken  somewhat. 

Using  an  excess  of  the  lead  acetate  as  compared  w-ith  the 
potassium  iodide,  for  example,  in  U  tubes  pouring  0.25  X^  lead 
acetate  in  one  arm  and  o.  i  X^  potassium  iodide  in  the  other,  with 
a  gel  separating  the  solutions,  yellow-white  needles  and  blocks 
of  basic  lead  iodide  formed.     Some  of  the  needles  were  2  cm.  in 
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Icnoth.  Walls  ''i  slalcs  llial  if  load  acetate  in  excess  is  mixed 
with  potassium  iodide  the  basic  iodide  forms  unless  sufficient 
acid  is  present  to  prevent.  With  lead  nitrate  the  ordinary  lead 
iodide  results.  When  formed  very  slowly,  the  yellow-white 
needles  and  blocks  gleam  brilliantly  and  seem  to  have  a  high 
index  of  refraction.  Star-shaped  groups  and  crossed  stick  ar- 
rangements were  common.  This  is  not  the  white  double  salt 
(  PbU.KI.jHoO)  made  by  Remscn  and  Ilerty"'-  by  the  action 
of  excess  potassium  iodide  on  lead  iodide. 

In  U  tube  experiments  such  concentrations  as  0.25  X  lead 
acetate  and  o.i  N  potassium  iodide  formed  lx)th  the  ordinary 
yellow  hexagons  and,  in  the  arm  nearer  ilie  lead  acetate,  the 
white-yellow  basic  crystals.  In  fact,  these  concentrations  could 
be  so  varied  as  to  give,  first,  only  the  yellow  crystals  of  lead 
iodide,  with  a  later  formation  of  the  white-yellow  basic  iodide. 
As  the  lead  acetate  diffused  through  the  gel  and  met  the  ix>tas- 
sium  iodide  these  yellow  hexagons  formed,  and  later,  as  excess 
lead  acetate  diffused  into  this  zone,  the  white  needles  or  blocks 
developed.  Often  a  basic  crystal  formed,  touching  the  edge  of  a 
yellow  hexagon,  and  apparently  *'  ate  it  up  "  as  the  excess  lead 
acetate  reached  that  point.  With  such  proportions  in  the  U  tu1)e 
as  0.25  lead  acetate  and  X  potassium  iodide  only  the  yellow  hex- 
agons of  the  normal  iodide  form. 

In  a  slightly  basic  gel,  such  as  1.06  water-glass-0.5  X  acetic, 
the  formation  of  the  white  needles  of  the  basic  iodide  was  greatly 
favored.  Dropping  acid  on  these  basic  crystals  instantly  turned 
them  yellow,  forming  the  normal  iodide.  Using  0.25  X  solu- 
tions of  both  lead  acetate  and  potassium  iodide  in  a  U  tube, 
a  1.06  water-glass-0.5  X'  acetic  acid  gel  developed  white  needles 
in  two  days,  growing  to  a  length  of  2  cm.  in  one  week;  a  1.06 
water-glass-X""  acetic  acid  gel  developed  yellow  hexagons  in  two 
days,  and  in  one  week  white  stars  also  appeared;  a  1.06  water- 
glass-2  X'  acetic  acid  gel  developed  yellow  hexagons  in  two  days, 
and  in  several  weeks  no  white  crystal  of  the  basic  salt  appeared. 
The  last  gel  was  too  acid  for  a  basic  salt,  while  the  first  gel  had  a 
slight  alkaline  reaction. 

A  little  starch  paste  mixed  with  a  1.06  water-glass-X  acetic 
acid  gel  produced  a  most  interesting  result.    The  gel  turned  blue 

^  Dictionary  of  Chemistry,  iii,  127. 
^-A}]i.  Chcm.  /.,  14.  107  (1892). 
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around  the  individual  crystals,  proving  the  release  of  free  iodine. 
It  cannot  be  urocd  that  the  excess  acid  formed  hydrogen  iodide 
which  was  oxidized  by  dissolving  oxygen,  for  in  that  event  the 
gel  would  have  turned  a  solid  blue.  It  is  possil)le  that  the  starch 
intimately  mixed  with  the  lead  iodide  as  it  formed  reduced  part 
of  it  to  lead  subiodide.  There  is  no  question  about  the  existence 
of  a  subiodide  of  lead  as  recently  proved  bv  Denham.-'^-^ 


I 


Rhythmic  bands  of  mercuric  iodide  in  a  silicic  acid  gel. 

A  very  little  gum  tragacanth  in  the  silicic  acid  gel  caused  the 
appearance  of  spherulites  of  lead  iodide  and  greatly  hindered 
crystallization.  In  scores  of  experiments  lead  iodide  showed  no 
tendency  to  band  in  silicic  acid  gels,  although  in  agar  well- 
marked  bands  of  crystalline  aggregates  were  the  rule.  Hatschek 
reports  bands  of  lead  iodide  in  silicic  acid  gels  when  he  used 
tap-water  in  preparing  solutions,  attributing  the  effect  to  the 
bicarbonates  present  in  the  water. 

^V.  Chem.  Soc,  29  (1917). 
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Lead  bromide  in  while  iwiii  crystals  was  prepared  hv  ex- 
periments similar  to  those  with  lead  iodide. 

Mercuric  Iodide. — A  i.oO  water-j;lass-N  acetic  acid  gel  with 
a  o.  I  N  content  of  potassium  iodide  was  covered  with  a  satu- 
rated solution  of  mercuric  chloride — approximately  0.5  N.  At 
once  a  layer  of  red  mercuric  iodide  formed  on  the  surface  of  the 
gel,  and  later  scarlet  needles  in  a  more  or  less  banded  arrange- 
ment, depending  on  relative  concentrations.  Some  of  these 
needles  grew  to  one  centimetre  in  length.  Separate  cubes  of  mer- 
curic iodide  were  observed  in  some  tubes.  With  a  suitable  concen- 
tration of  potassium  iodide  in  the  gel,  the  growing  mass  of  red 
crystals  developed  a  yellow  front,  bounded  by  a  sharply  marked 
surface.  This  zone  of  yellow  needle  crystals  advanced  down  the 
tube.  In  reality  a  new  yellow  zone  formed  and  the  old  turned 
red. 

An  excess  of  mercuric  chloride  reacted  with  the  red  mercuric 
iodide  to  form  a  somewhat  soluble  double  salt.  As  a  result,  the 
first  zone  of  red  crystals  formed  in  the  upper  part  of  the  gel 
finally  disappeared  as  the  excess  of  mercuric  chloride  from  the 
solution  above  reached  this  zone.  Reversing  the  order,  mixing 
the  mercuric  chloride  in  the  gel  and  allowing  the  potassium  iodide 
to  diffuse  down  into  the  gel,  produced  a  mass  of  red  crystals 
as  before,  but  the  red  zone  advanced  down  the  tube  at  a  rapid 
rate.  In  reality  a  nevv'  front  formed  and  the  excess  potassium 
iodide  readily  dissolved  the  rear  of  the  mercuric  iodide  column. 

With  suitable  concentrations  wonderful  banding  of  red  mer- 
curic iodide  w^as  obtained.  Some  tubes  contained  40  bands  in  a 
distance  of  8  cm.  The  spaces  between  the  denser  bands  contain 
scattered  crystals.  The  U  tube  method  was  very  useful  here. 
Red  bands  advanced  around  the  bend  as  the  excess  of  mercuric 
chloride  diffused  into  the  gel.  When  sufficient  mercuric  chloride 
was  supplied  the  red  bands  finally  disappeared,  leaving  alternate 
opaque  white  and  clear  spaces  in  a  replica  of  the  original  banding. 
Mercuric  nitrate  diffusing  into  similar  gels  produced  much  better 
banding  than  did  mercuric  chloride,  possibly  due  to  the  differ- 
ence in  ionization.  The  presence  of  sodium  nitrate  aided  band- 
ing considerably,  as  did  sugar. 

Sodium  chloride  showed  a  striking  influence  on  the  arrange- 
ment and  form  of  the  crystals  of  mercuric  iodide.  In  propor- 
tion to  the  amount  of  sodium  chloride  added  to  the  silicic  acid 
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gel  tlie  crystals  of  mercuric  icxlidc  became  much  lar<^er  aud  uiore 
like  cubes  than  needles.  They  were  farther  apart,  and  less  of 
the  banding  arrangement  was  noticeable.  In  another  series  of 
experiments  the  acetic  acid  was  dispensed  with  in  making  the 
gel.  Water-glass  of  1.06  density  and  2  X  hydrochloric  acid  made 
().  I  X  with  respect  to  potassium  iodide  was  poured  into  tubes, 
and,  after  the  silicic  acid  became  solid,  was  covered  with  satu- 
rated mercuric  chloride.  The  red  crystals  of  mercuric  iodide 
formed  were  very  large,  relatively,  far  apart,  and  no  bands  could 
be  seen.  This  change  was  due  to  the  influence  of  chlorides,  for 
sodium  chloride  was  formed  in  the  reaction  making  the  gel  and, 
in  addition,  an  unusual  excess  of  hydrochloric  acid  was  present. 
With  less  of  the  same  acid  the  change  was  not  so  marked. 

A  little  starch  paste  in  the  silicic  acid  gel  caused  the  appear- 
ance of  blue  around  the  individual  crystals,  proving — as  with 
lead  iodide — the  presence  of  free  iodine  at  the  surface  of  the 
crystals.  This,  too,  may  be  a  reduction  of  the  mercuric  iodide 
by  the  starch. 

Basic  Mercuric  Chloride. — In  attempting  to  make  mercuric 
iodide  in  a  slightly  basic  gel,  1.08  water-glass-0.5  X^  acetic,  mag- 
nificent brown-black  leaves  were  observed,  some  of  them  2  cm. 
in  length.  These  leaves  appeared  in  the  arm  of  the  U  tube  con- 
taining the  mercuric  chloride.  They  formed  very  soon  before 
any  potassium  iodide  could  diffuse  into  that  part  of  the  gel. 
Other  mercuric  salts  gave  no  such  result,  so  to  test  the  matter  I 
poured  a  basic  gel,  1.08  water-glass-0.5  X^  acetic  into  a  test-tube 
and  with  no  other  added  salt  covered  the  gel  with  saturated  mer- 
curic chloride  solution.  The  same  shining  red-brown  leaves  ap- 
peared. Since  they  could  not  be  obtained  in  a  gel  of  acid  reac- 
tion nor  with  any  salt  other  than  mercuric  chloride,  they  were 
evidently  one  of  the  basic  mercuric  chlorides.  A  search  of  the 
literature  justified  this  theory.  Different  basic  chlorides  are  on 
record,  but  the  description  of  HgCl2.2HgO  agrees  perfectly  w-ith 
the  crystals  obtained  above. 

Gels  of  different  basicity  were  covered  with  mercuric  chlo- 
ride solution  and  the  crystals  compared.  With  1.06  water-glass- 
0.5  X^  acetic  (very  slightly  basic)  the  crystals  were  more  widely 
scattered  and,  at  a  distance  of  a  few  centimetres  from  the  sur- 
face of  the  gel,  were  excellent.  This  particular  gel  caused  the 
most  remarkable  banding  of  the  basic  chloride.     With  a  very 
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l)asic  i;c'l  the  crystals  were  smaller  and  lonned  in  a  rather  anu- 
l>act  mass.  A  few  grammes  of  glucose  in  25  c.c.  of  a  slightly 
basic  gel  changed  the  results  decidedly.  Instead  <.t'  the  hrown-red 
leaves,  a  gray  mass  of  closely-packed  hands,  sharply  marked,  a])- 
I^eared.  In  a  distance  of  8  cm.  over  <»ne  hundred  <>f  these  hands 
were  counted. 

Sik'cr  Sulphate. — An  attempt  was  made  to  produce  silver  di- 
chromate  by  allowing  X  silver  nitrate  to  ditYuse  into  a  silicic  acid 
gel  containing  very  dilute  potassium  dichromate.  This  particu- 
lar gel  was  the  result  of  mixing  1.06  water-glass  with  3N  sul- 
phuric acid  instead  of  the  usual  acetic  acid.  Immediate  forma- 
tion of  bright-red  crystals  at  the  toj)  of  the  gel  was  observed,  and 
later  the  usual  black-red  silver  dichromate  deeper  in  the  gel. 
Curiously  enough,  the  bright-red  crystals  were  of  an  entirely  dif- 
ferent system,  orthorhombic,  from  the  triclinic  silver  dichromate 
below\  They  grew  rapidly — in  less  than  one  hour  their  shape 
was  apparent,  and  over  night  they  grew  to  a  length  of  one  centi- 
metre. In  a  week  or  two,  by  using  more  concentrated  silver 
nitrate,  slabs  3  cm.  long  were  obtained,  but  in  spite  of  their 
thickness  they  were  a  clear  cherry  red.  Csing  o.  i  X  silver  ni- 
trate no  such  orthorhombic  crystals  formed,  only  the  ordinary 
silver  dichromate.  The  gel  had  to  be  made  with  sulphuric  acid 
and  water-glass.  This  suggested  a  double  salt  formed  with  the 
excess  of  silver  nitrate,  but  the  difficulty  was  readily  cleared  by 
analvsis  and  further  experiment.  Analysis  showed  the  red  ortho- 
rhombic crystals  to  be  almost  entirely  silver  sulphate,  with  a  very 
little  silver  chromate  mixed  in. 

Chamot  2*  states  that  both  silver  sulphate  and  silver  chromate 
are  orthorhombic,  hence  these  must  be  mixed  crystals.  Gooch  ^^' 
and  Autenrieth  ^^  observe  that  silver  chromate  is  formed  when 
excess  silver  nitrate  reacts  with  a  soluble  dichromate,  hot  or 
cold.  To  test  the  mixed  crystal  explanation,  T  omitted  the  potas- 
sium dichromate  in  another  experiment  and  secured  colorless 
slabs  exactly  like  the  cherry-red  ones  in  shape  and  time  of  forma- 
tion. Furthermore,  by  the  presence  of  a  single  drop  of  a  potas- 
sium dichromate  solution  in  a  tube  of  the  gel  a  faint  yellow  color 
was  made  to  appear  in  the  slabs.    Their  depth  of  color  was  easily 

^  "  Elementary  Chemical  Microscopy,"  335- 
^^ "  Methods  in  Chemical  Analysis,"  406. 
^Ber.,  35,  2057. 
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made  to  vary  with  the  concentration  of  the  potassium  dichro- 
mate.  No  doubt  this  experiment  could  be  extended  to  many  other 
pairs  of  isomorphous  substances.  The  conclusion  is  that  when 
approximately  N  solution  of  silver  nitrate  diffuses  into  a  silicic 
acid  p:el  made  from  1.06  water-glass  and  3  N  sulphuric  acid 
containing  any  small  amount  of  a  soluble  dichromate  mixed 
crystals — not  a  double  salt — of  silver  sulphate  and  silver  chro- 


Basic  lead  iodide  in  a  silicic  acid  gel. 

mate  result.    As  the  silver  nitrate  becomes  more  dilute  at  greater 
depths  in  the  gel  only  the  normal  silver  dichromate  forms. 

Silver  Acetate. — The  silver  sulphate  experiment  is  very  simi- 
lar to  one  with  silver  acetate.  Increasing  the  concentration  of 
silver  nitrate  to  N  in  making  a  silver  dichromate,  I  found  that 
gels  made  from  acid  and  water-glass  soon  showed  long,  color- 
less slabs  or  leaves.  Omitting  the  potassium  dichromate  from 
the  experiment,  and  simply  allowing  N  silver  nitrate  to  diffuse 
into  a  1.06  water-glass-N  acetic  acid  gel,  the  same  colorless 
leaves  were  produced  again.     Analysis  showed  them  to  be  silver 
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acetate.     Tn  ten  minutes  these  crystals  ^rew  a  few  millimetres 
in  lenj^th,  and  over  ni^ht  to  one  centimetre. 

By  varyin<;-  the  acid  mixed  with  the  water-glass  in  making 
the  silicic  acid  gel  and  allowing  approximately  N  silver  nitrate 
to  diffuse  in,  many  silver  salts  can  be  obtained  in  crystalline 
fonn.  This  principle  was  applied  by  llatschck  to  other  com- 
pounds. 

Silver  phosphate  formed  in  this  manner  (1.06  water-glass  to 
3  N  phosphoric  acid)  grew  in  irregular  yellow  fronds,  very  much 
like  minute  ostrich  plumes. 

Acid  potassium  tartrate  crystals  grew  rapidly  when  a  1.16 
\vater-glass-3  N  tartaric  acid  gel  was  covered  with  any  dilute 
potassium  salt  solution.  Blocks  5  mm.  wide  resulted,  and  in  sev- 
eral hours  crystals  of  notable  size  could  be  counted  on.  Chang- 
ing the  concentrations  somewhat,  wide-branching  fern  growths 
were  obtained. 

Dihydrogen  monosodium  phosphate  crystals  formed  when 
about  3  grs.  of  disodium  phosphate  were  mixed  with  10  c.c.  of  a 
1. 10  water-glass-2  X  acetic  acid  gel.  in  a  cool  room  perfect 
colorless  rhombohedrons  appeared  in  a  few  hours  and  grew  to 
6  mm.  width  in  two  days.  These  crystals  were  so  soluble  that 
as  the  room  warmed  they  dissolved.  On  cooling  in  the  ice-box 
they  appeared  again,  but  not  in  such  good  crystals.  Some  of  the 
attempts  to  duplicate  this  experiment  failed.  Exact  temperature 
and  concentration  conditions  were  not  studied. 

Urea  nitrate  crystals  of  large  size  formed  rapidly  when  con- 
centrated nitric  acid  mixed  with  an  equal  volume  of  water  dif- 
fused into  a  1.06  water-glass-N  acetic  acid  gel  containing  urea. 

Lead  chromate  and  basic  lead  chromate  developed  in  a  slightly 
basic  gel  such  as  1.06  water-glass-0.5  N  acetic  acid  containing  a 
little  potassium  chromate  when  lead  acetate  solution  diffused  into 
the  gel.  In  a  few  weeks  a  15-cm.  test-tube  filled  with  orange 
tendrils  curling  around  countless  brighter  yellow  crystals  of 
minute  size.  In  addition,  much  of  the  orange  material  concen- 
trated in  regular  bands  about  5  mm.  apart.  Near  the  top  of  the 
gel  an  orange-red  band  one  centimetre  deep  developed.  This, 
of  course,  was  basic  lead  chromate.  Hatschek  formed  lead  chro- 
mate in  a  gel  of  acid  reaction  and  thus  missed  the  opportunity 
of  making  the  basic  chromate. 

Barium  carbonate    formed   in  a  basic  gel  containing  some 
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sodium  carbonate.  A  silicic  acid  j;cl  was  covered  with  a  solu- 
tion of  a  barium  sail.  The  crystalline  character  of  the  deposit 
was  not  apparent  for  some  time.  White  spherulites  appeared  to 
a  depth  of  about  5  cm.,  and  then  lUnver-shaped  crystalline  a^^re- 
gates  formed.  They  were  very  small,  but  the  crystalline  char- 
acter was  apparent  to  the  miaided  eye. 

Potassium  l)isulphate  crystals  of  considerable  size  appeared  in 
a  gel  formed  by  the  "  Hopkins  process  "  -'^  of  obtaining  soluble 
potassium  salts  and  aluminum  sulphate  from  feldspar.  Finely 
ground  feldspar  was  heated  at  300'  with  moist  potassium  hy- 
droxide. This  partial  decomposition  of  the  feldspar  was  then 
completed  by  reaction  with  sulphuric  acid.  In  commercial  prac- 
tice hydrochloric  acid  is  used  at  this  point.  Using  sulphuric 
acid  in  a  mere  laboratory  experiment,  a  silicic  acid  gel  formed 
and  crystals  of  KHSO4  grew  in  this  medium. 

Sugar  crystals  often  appear  in  ordinary  fruit  jellies.  I  have 
a  number  that  measure  about  5x7x9  mm. 

Calcium  tartrate  crystals  of  great  beauty,  20  x  5  x  5  mm., 
were  easily  obtained  in  a  U  tube  containing  a  1.06  water-glass - 
0.5  N  acetic  acid  gel  by  filling  one  arm  with  a  solution  of  calcium 
chloride  and  the  other  with  a  solution  of  tartaric  acid. 

Copper  tartrate  crystals  of  perfect  shape  and  clear  blue  color 
were  made  by  covering  a  1.06  water-glass-3  X  tartaric  acid  gel 
with  0.5  X  copper  sulphate. 

Zinc-ammonio  chloride  crystals  of  several  centimetres  in 
length  were  found  in  the  gelatinous  packing  next  the  zinc  wall 
of  commercial  dry  cells.  These  colorless  sheets  are  of  the  for- 
mula ZnCl2.2X'^Ho.  They  were  also  obtained  by  ^larignac  in  a 
Leclanche  cell,  but  not  of  such  large  size.  The  starch  paste  or 
other  gelatinous  filling  next  the  wall  of  a  dry  cell  regulates  the 
diffusion  rates  of  the  zinc  chloride  and  ammonia  formed  by  the 
chemical  action  of  the  battery  on  discharge,  thus  greatly  aiding 
crystal  development.  On  short  periods  of  service,  with  rest  inter- 
vals, these  crystals  w^ere  longer  than  in  batteries  run  down  by 
continuous  service.  This  agrees  with  the  time  feature  of  the 
theory  proposed  in  this  paper. 

DEVELOPMENT  OF  A  THEORY. 

Early  in  my  work  I  decided  that  the  most  important  feature 
of  the  favorable  influence  of  gels  on  reactions  forming  crystals 

"Holland,  Frazer,  Miller,  U.  S.  Patent  1.196,734. 
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was  llic  capillarity  of  the  ^cl  structure.  To  test  this,  1  used  a  laycr 
of  lincly  ixjwdered  silica  in  a  U  tube,  soaked  it  with  water  to 
dislodge  air,  and  filled  one  arm  with  a  solutiffu  of  ixjtassiuin 
dichroniate  and  the  other  with  a  solution  of  silver  nitrate.  Slow 
diffusion  ^A  the  two  salts  throuj;h  the  capillary  spaces  between 
the  silica  i^rains  allowed  the  formation  of  tr^od  crystals  of  silver 
dichroniate.  Later  I  learned  that  Dreaper  had  already  develtjped 
that  idea,  usini;-  not  only  a  layer  of  sand,  but  a  sin<;ie  capillary 
tube.  It  may  be  objected  that  the  rather  great  surface  of  hnely 
divided  silica  permits  an  appreciable  solution  of  silica,  thus  lill- 
ing  the  space  pores  with  a  weak  gel  of  silicic  acid.  Coarse  sand 
did  not  serve  so  well. 

It  seemed  worth  while  to  extend  somewhat  the  list  of  sub- 
stitutes for  gels  in  this  work,  so  flowers  of  sulphur  was  substi- 
tuted for  sand  in  the  above  experiment.  Some  trouble  was  ex- 
perienced in  packing  the  sulphur  in  the  bend  of  the  U  tube,  and 
many  attempts  failed  from  too  close  packing  for  free  diffusion. 
A  platinum  ware  was  used  to  dislodge  the  persistent  air  bubbles. 
Finally  an  excellent  band  of  red  crystals  of  silver  dichroniate 
formed  where  the  silver  ion  met  the  dichroniate  ion.  Barium 
sulphate  and  alundum  powder  served  much  better  than  the  sul- 
phur as  substitutes  for  a  gel.  In  fact,  the  results  with  alundum 
were  startling.  Silver  dichroniate  formed  in  tiat  needles  one 
centimetre  in  length.  Closely-packed  asbestos  gave  fair  results. 
Certainly  it  cannot  be  urged  that  any  gel  was  present  in  the  ex- 
periments with  a  membrane  of  sulphur  or  alundum  or  barium 
sulphate. 

\\'ithout  doubt,  any  compact  mass  of  insoluble  discrete  par- 
ticles with  proper  sized  capillaries  w'ill  function  as  a  gel  in 
favoring  the  formation  of  crystals.  Other  influences  may  be 
present  in  a  true  gel.  Adsorption,  pressure,  and  solubility  ef- 
fects may  greatly  influence  the  capillary  space  results.  A  rather 
amorphous  insoluble  compound  first  formed  by  the  meeting  of 
two  reacting  substances  in  a  relatively  narrow  channel  may  so 
further  regulate  the  rates  of  diffusion  as  to  give  time  for  crys- 
tal formation  of  more  of  the  same  insoluble  compound.  In 
this  suggestion  the  geologist  may  possibly  find  an  explanation 
of  the  marked  crystalline  nature  of  some  mineral  veins.  The 
pathologist,  too,  may  obtain  some  light  on  the  accumulation  of 
crystalline  deposits  in  animal  tissue. 
Vol.  184.  No.  1104 — 53 
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To  test  the  theory,  the  mouth  of  a  small  specimen  tube  was 
covered  with  a  sheet  of  goldbeater's  skin,  holding  it  on  firmly 
with  a  rubber  band.  The  tube  had  first  been  filled  with  a  solu- 
tion of  O.I  N  potassium  iodide.  Care  was  taken  to  leave  no  air 
bubbles  on  the  under  side  of  the  membrane  and  to  rinse  the  out- 
side of  the  tube.  The  tube  was  then  immersed  in  a  small  beaker 
of  saturated  lead  acetate  solution.    At  once  an  almost  amorphous 
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precipitate  of  lead  iodide  appeared  on  the  under  side  of  the  mem- 
brane, and  in  less  than  a  minute  crystals  of  lead  iodide  fell  in 
a  beautiful  gleaming  shower,  rapidly  increasing  in  amount.  It 
is  very  easy  to  secure  gleaming  crystals  of  lead  iodide  by  cooling 
its  hot  solution,  but  in  this  experiment  the  solutions  were  cold. 
Mixing  the  same  solutions  in  a  test-tube  without  the  use  of  a 
membrane,  a  yellow  powder  results. 

If  the  more  concentrated  solution  was  placed  inside  the  speci- 
men tube,  the  crystals  formed  on  the  upper  surface  of  the  mem- 
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brane.  This  is  in  accord  with  the  osmotic  difference  rule  of 
Pringsheini.  With  less  difference  in  concentration  of  the  react- 
ing substances  solutions  the  reaction  was  much  slower. 

Separating  solutions  of  silver  nitrate  and  potassium  dichro- 
mate  in  this  way,  it  was  a  simple  matter  to  make  a  gramme  or 
two  of  brilliant  crystals  of  silver  dichromate  settling  to  the  bottom 
of  the  tube.  Possibly  this  method  may  be  of  some  use  in  the 
preparation  of  pure  compounds,  since  the  crystals  are  not  mixed 
with  an  annoying  gel.  Other  thin,  semipermeable  membranes 
serve.  Parchment  paper  is  good,  but  goldbeater's  skin  is  most 
suitable. 

In  a  number  of  experiments  it  was  observed  that  at  first  a 
rather  amorphous  or,  at  least,  fine-grained  precipitate  formed 
on  the  surface  of  the  original  membrane,  thus  forming  a  new 
membrane  of  different  capillary  structure  which  exerted  a  marked 
influence  on  rates  of  diffusion.  The  result  of  checking  the  rates 
of  dift'usion  of  the  reacting  substances  was  to  give  time  enough 
for  the  growth  of  minute  particles  to  crystalline  size. 

Barium  sulphate  is  most  annoying  in  quantitative  analysis 
because  of  its  tendency  to  form  in  slow  settling  colloidal  sus- 
pensions. It  seemed  an  interesting  experiment  to  precipitate  it  by 
the  dift'usion  cup  method  and  observe  the  rate  of  settling.  I 
believed  that  if  I  placed  a  dilute  solution  of  a  sulphate  inside  the 
specimen  tube,  covered  it  with  a  goldbeater's  skin  touching  the 
surface  of  the  solution,  and  immersed  the  tube  in  a  more  concen- 
trated solution  of  a  barium  salt,  the  barium  sulphate  formed  on 
the  under  side  of  the  membrane  would  be  of  much  larger  crys- 
tals than  usual  and  would  settle  rapidly.  It  did.  Some  modifi- 
cation of  this  experiment  may  possibly  be  applied  to  the  determi- 
nation of  sulphates. 

To  carry  the  theory  further,  the  only  need  of  the  goldbeater's 
skin  is  to  prevent  sudden  wholesale  mixing  of  the  solutions  and 
mechanically  sustain  the  rather  amorphous  precipitate  first 
formed,  which  then  functions  as  the  real  active  membrane.  This 
theory  is  not  universal  in  its  application,  for  in  gels  excellent 
crystals  of  a  number  of  substances  formed  without  the  appear- 
ance of  a  preliminar}^  compact  layer  of  precipitate.  In  these  in- 
stances only  the  gel  functions  in  regulating  diffusion.  The 
theory  does  apply,  however,  in  the  absence  of  a  gel  and  in  all 
instances  where  a  compact  precipitation  band  is  formed. 
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John  Johnston's  method  of  preparing  crystals  of  increased 
size  by  the  slow  diffusion  of  two  reacting  solutions  in  a  large  vol- 
ume of  water  at  two  widely  separated  points  supports  the  theory 
above  given.  J)e  Schulten's  experiment,  described  earlier  in  this 
paper,  is  somewhat  similar  to  Johnston's. 

The  usual  gels  employed  in  earlier  investigations  were  agar, 
gelatine,  and  silicic  acid.  To  this  list  1  added  the  insoluble  pow- 
ders above  descril)ed,  and  also  gels  of  ferric  phosphate  and  man- 
ganese arsenate.  l>oth  of  these  permitted  the  formation  of  good 
crystals  of  lead  iodide,  silver  dichromate,  and  mercuric  iodide. 
It  is  noteworthy  that  they  are  inorganic  gels  like  silicic  acid. 
Probably  the  protective  colloid  action  of  organic  gels  hinders 
crystal  growth. 

It  is  not  necessary  that  this  subject  be  limited  to  gels.  Since 
the  influence  of  gels  on  crystal  formation  is  largely  that  of  regu- 
lated diffusion,  it  is  permissible  to  discuss  even  such  structures  as 
steel.  Alexander  ^^  holds  that  graphite  in  steel  is  partly  in  the 
colloidal  form  and  therefore  inhibits  crystallization.  It  would 
seem  that  films  of  colloidal  graphite  around  crystalline  nuclei  of 
cementite,  for  example,  must  greatly  influence  the  growth  of 
those  crystals  when  steel  is  cooled  from  a  high  temperature. 
Colloids  in  general  retard  diffusion.  But,  instead  of  inhibiting 
crystallization,  as  Alexander  believes,  it  is  conceivable  that,  al- 
though cementite  crystals  in  the  steel  may  form  more  slowly, 
the}^  may  be  larger  and  of  different  shape  than  if  formed  rapidly. 

Ice-cream  without  egg-white  or  gelatine  or  some  other  pro- 
tective colloid  is  grainy.  Of  course,  the  lactalbumin  in  the  milk 
is  a  protective  colloid,  but  there  is  not  enough  of  it.  In  marsh- 
mallow^s  crystallization  of  the  sugar  is  prevented  by  the  protec- 
tive colloid  effect  of  gelatine  or  gum  arabic. 

The  reduction  of  gold  or  copper  salts  in  plastic  glass  with  the 
production  of  a  ruby  tint  is  somew-hat  related  to  this  topic.  Pos- 
sibly new  ornamental  effects  could  be  obtained  by  experimenting 
wath  diffusion  zones  w^hile  the  glass  is  hot  enough  to  be  plastic. 
Of  course,  the  glass  in  that  condition  is  not  a  gel,  but  it  permits 
slow^  diffusion. 

There  seems  no  good  reason  why  many  very  viscous  sub- 
stances should  not  function  as  gels  in  their  influence  on  diffu- 
sion reactions. 

^V.  Soc.  Chem.,  Jnd.,  28,  280. 
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SUMMARY. 

1.  Good  crystals  of  silver  dichruniatc  were  obtained  by  al- 
lowiiii^-  tile  slow  (li(tusit)n  of  solulions  of  silver  nilrate  and  potas- 
sium dichroniate  through  flowers  of  suli)luir.  Barium  sulphate 
powder  served  as  well,  and  alundum  was  even  better.  This  con- 
firms Dreaper's  opinion  that  diffusion  thnjugh  capillarv  spaces 
other  than  those  in  a  gel  may  be  efficient  in  aiding  crystal 
formation. 

2.  An  experiment  was  devised  to  prove  that  in  manv  in- 
stances the  amorphous  or  hne-grained  precipitate  formed  when 
two  solutions  meet  acts  as  a  membrane  or  network  of  capillaries, 
retarding  further  dift'usion  and  favoring  the  formation  of  more 
of  the  precipitate  in  larger  crystalline  particles. 

3.  Silicic  acid  gels  of  alkaline  reaction  were  made  by  mixing 
sodium  silicate  with  less  than  enough  acid  for  neutralization. 
These  basic  gels  made  possible  the  production  of  crystalline  salts 
not  possible  in  a  gel  of  acid  reaction. 

4.  Gold  in  a  beautifully  crystalline  condition  was  best  i)re- 
pared  by  mixing  equal  volumes  of  a  water-glass,  1.06  density, 
and  3  X  sulphuric  acid,  adding  i  c.c.  of  i  per  cent,  chloride  to 
25  c.c.  of  the  mixture  and,  after  solidification  of  the  gel,  cover- 
ing with  a  solution  of  8  per  cent,  oxalic  acid. 

Startling  rainbow  bands  of  red,  blue,  and  green  colloidal  gold, 
mixed  with  scattered  crystals,  resulted  when  the  water-glass  was 
1. 1 6  density.  Both  methods  worked  readily  and  gave  better  re- 
sults than  any  yet  recorded. 

5.  Perfect  tetrahedrons  of  copper  were  secured  by  using  i 
per  cent,  hydroxylamine  hydrochloride  to  reduce  dilute  copper 
sulphate  in  a  silicic  acid  gel.  Peculiar  aggregates  of  tetrahe- 
drons similar  to  those  found  in  copper  deposits  in  Nature  were 
also  observed. 

All  the  steps  of  the  reduction  of  cupric  hydroxide  to  yellow 
and  red  forms  of  cuprous  oxide  were  shown  simultaneously  in  a 
series  of  many  bands,  using  glucose  as  the  reducing  agent  in  a 
silicic  acid  gel  of  alkaline  reaction.  \\\\\\  i  per  cent,  hydroxyl- 
amine the  same  reduction  was  carried  through  the  cupric  hy- 
droxide and  cuprous  oxide  to  tetrahedrons  of  metallic  copper. 
This  suggests  a  method  of  controlling  the  different  steps  of  other 
reactions  for  study. 

6.  Lead  iodide  in  perfect  hexagonal  plates,  5  mm.  wide,  and 
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golden,  Icrn-likc  growths,  8  cm.  lung,  were  formed  in  silicic  acid 
gels.  A  basic  lead  iodide  in  yellow-while  needles,  2  cm.  long, 
formed  by  the  action  of  excess  lead  acetate  on  potassium  iodide 
in  a  slightly  acid  gel  and  even  better  in  a  slightly  basic  gel.  Iodine 
was  released  on  the  surface  of  crystals  of  lead  iodide,  as  shown 
by  the  presence  of  a  little  starch  mixed  with  the  silicic  acid.  Some 
reduction  of  lead  iodide  must  have  taken  place,  possibly  caused 
by  the  starch. 

7.  Red  mercuric  iodide  in  2  cm.  needles  or,  in  smaller  crys- 
tals, banding  in  as  many  as  forty  regular  bands  in  a  distance  of 
8  cm.  was  obtained  by  the  diffusion  of  a  mercuric  chloride  solu- 
tion into  a  silicic  acid  gel  containing  potassium  iodide.  With 
certain  concentration  conditions  yellow  crystals  formed  in  front 
of  the  red  needles  and  were  finally  changed  into  the  red  mercuric 
iodide.  Soluble  chlorides  exerted  a  striking  influence  on  the  size, 
form,  and  arrangement  of  the  mercuric  chloride  crystals. 

8.  Magnificent  red-black  crystals  of  a  basic  mercuric  chloride 
resulted  when  a  saturated  solution  of  mercuric  chloride  diffused 
into  a  silicic  acid  gel  of  slightly  basic  reaction.  In  a  very  slightly 
basic  gel  these  crystals  were  grouped  in  a  remarkable  series  of 
bands.  The  presence  of  a  little  glucose  exerted  a  marked  influ- 
ence, changing  the  color  and  developing  over  one  hundred  com- 
pact bands  in  a  distance  of  8  cm. 

9.  Silver  sulphate  crystals  appeared  in  less  than  one  hour 
when  N  silver  nitrate  diffused  into  a  silicic  acid  gel  made  by  mix- 
ing equal  volumes  of  1.06  density  water-glass  and  3  N  sulphuric 
acid.  In  a  few  days  orthorhombic  slabs,  3  cm.  long,  developed 
If  enough  potassium  dichromate  to  make  the  whole  gel  o.  i  N 
molar  with  respect  to  this  salt  only  was  present,  the  long  slabs 
were  a  beautiful  clear  red.  In  the  presence  of  excess  silver  ni- 
trate near  the  surface  of  the  gel  silver  chromate  was  formed,  and. 
since  silver  chromate  and  silver  sulphate  are  isomorphous,  red 
mixed  crystals  resulted.  The  color  of  the  crystals  was  made  any 
depth  of  red  by  varying  the  concentration  of  the  potassium  di- 
chromate in  the  gel.  Farther  below  the  surface  of  the  gel  the 
silver  nitrate  became  less  concentrated,  and  triclinic  crystals  of 
the  red-black  silver  dichromate  appeared.  In  time  they  grew  to 
a  size  5x5x1  mm. 

10.  Silver  acetate  gre\v  in  gleaming  white  sheets,  2  cm.  long, 
when  N  silver  nitrate  diffused  into  a  silicic  acid  gel  made  from 
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water-glass  and  acetic  acid.  'I'liese  crystals  appeared  in  a  few 
minutes.  Such  protective  colloids  as  gum  tragacanth,  when  pres- 
ent in  very  small  amounts,  twisted  the  straight  crystals  of  silver 
acetate  into  fantastic  shapes. 

11.  Basic  lead  chromate  was  made  in  crystalline  bands  by 
diffusion  of  lead  acetate  solution  into  a  silicic  acid  gel  of  alka- 
line reaction  containing  potassium  chromate;  urea  nitrate  in 
large  crystals,  by  the  diffusion  of  nitric  acid  into  a  silicic  acid 
gel  containing  urea;  perfect  crystals,  5  mm,  wide,  of  acid  ix)tas- 
sium  tartrate  and  perfect  crystals  of  copper  tartrate  in  a  silicic 
acid  gel  made  with  tartaric  acid  ;  and  monosodium  phosphate  in 
large,  colorless  rhombohedrons  by  mixing  disodium  phosphate 
in  a  sodium  silicate-acetic  acid  gel. 

12.  Dry  batteries  discharging  for  short  intervals  developed 
colorless  slabs,  several  centimetres  in  length,  of  ZnCL.2NHo  next 
the  zinc  wall  of  the  container.  The  gelatinous  paste  in  this 
part  of  the  cell  caused  slow  diffusion  of  the  zinc  chloride,  and 
ammonia  formed  by  the  discharge  of  the  cell. 

Oberlix  College,  Oberlix,  Ohio, 
July  26,  191 7. 


Farm  Weirs.  (U.  S.  Department  of  Agriculture,  Farmers'  Bul- 
letin Xo.  313.) — The  value  of  water  has  increased  in  the  arid  lands 
of  the  West  with  the  development  of  the  country  to  a  point  where 
there  is  now  a  general  demand  for  accurate  devices  for  the  measure- 
ment of  small  streams  of  flowing  water.  A  "  weir  "  is  one  of  the 
most  commonly  used  devices  for  this  purpose,  and  the  best  known  are 
the  rectangular,  the  CipoUetti,  and  the  90-degree  triangular  notch 
types  with  free  fall,  sharp  chests,  and  full  contractions.  Discharge 
formulae  for  these  types  are  given  and  are  so  arranged  that  if  the 
"  head  "  or  depth  of  water  flowing  over  the  weir  notch  is  known,  the 
flow  by  cubic  feet  per  second  can  be  readily  ascertained.  A  table  of 
hydraulic  equivalents  enables  this  flow  to  be  changed  into  miner's 
inches  or  statute  inches. 

Casting  Shells  in  Permanent  Moulds.  E.  A.  Custer.  {Pro- 
ceedings of  the  American  Foundrymen's  Association,  September 
25-28,  1917.) — One  of  the  remarkable  changes  that  the  present  con- 
flict has  brought  about  is  the  spectacle  of  raining  upon  the  enemy  an 
unheard-of  number  of  high-calibre  cast-iron  shells.  There  is  nothing 
new  in  the  use  of  cast-iron  projectiles — before  this  age  of  steel  they 
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were  the  sole  means  of  hatlerinj^  down  defences  and  attackinj^  at 
lon^  rani;e.  Some  of  the  reasons  why  the  use  of  cast-iron  shells 
was  ahandoned  are  that  tlie  metal  has  never  made  a  very  good 
record  for  nniformity,  freedom  from  spon^iness  and  ^as-holes ;  its 
tensile  stren<^^lh  is  low,  and  it  lacks  touj^hness.  Any  of  the  defects 
commonly  found  in  cast  iron  will  seriously  affect  the  trajectory  and 
direction  of  a  shell  and  render  it  comparatively  useless.  If  one 
])ortion  is  s])ongy,  and  hence  lighter  than  the  remainder,  it  will  wobljle 
in  its  flight  and  its  main  purpose  will  be  destroyed.  The  weakening 
effect  of  sponginess  or  blowholes  may  cause  the  shell  to  break  under 
the  imi)ulse  of  discharge  and  destroy  the  gun.  A  forged  steel  pro- 
jectile meets  all  these  objections,  and  for  that  reason  has  been  uni- 
versally adopted. 

As  early  as  ^lay,  191 3,  German  and  Italian  munition  makers  were 
discussing"  the  manufacture  of  cast-iron  projectiles.  In  August, 
191 3,  it  was  reported  that  shells  had  been  made  that  were  satisfac- 
tory', in  that  they  had  the  proper  degree  of  fragmentation  and  were 
strong  enough  to  resist  the  effect  of  the  propelling  charge.  These 
shells  were  made  in  iron  moulds  with  iron  cores.  Their  peculiarly 
destructive  effect  was  later  observed  in  the  field,  not  only  in  the  open, 
but  also  against  earthworks,  and  the  then  prevalent  idea  that  the 
German  forces  were  using  cast-iron  shells  on  account  of  the  scarcity 
of  steel  was  abandoned. 

Target  shells  have  been  made  of  cast-iron  for  many  years,  and 
almost  any  foundry  can  make  them.  The  foundry  requirements  for 
this  work  are  described  in  the  April,  1917,  issue  of  The  Foundry  by 
Edgar  A.  Custer,  Jr.,  and  the  methods  of  melting  and  the  care  of  iron 
and  fuel  that  must  be  observ^ed,  whether  the  shells  are  made  in  sand 
or  in  a  permanent  mould,  are  there  set  forth.  Ordinary  foundry 
iron,  when  properly  cast  in  a  permanent  mould  and  when  removed 
at  the  proper  time,  has  in  the  resultant  casting  the  same  degree  of 
hardness,  irrespective  of  any  variation  in  the  chemical  constituents, 
so  long  as  the  same  size,  weight,  and  shape  of  casting  is  made.  The 
time  the  casting  remains  in  the  mould  is  the  determining  factor.  A 
casting  weighing  about  60  pounds  remains  in  the  mould  4  or  5 
seconds,  while  a  casting  of  the  same  general  contour  weighing  500 
pounds  will  require  25  to  60  seconds  before  it  is  safe  to  lift  out. 

The  low  cost  and  great  output  per  day  and  effectiveness  of  cast- 
iron  shells  have  been  so  completely  recognized  that  two  of  the  war- 
ring nations  are  using  them  to  an  enormous  extent.  France  is  cast- 
ing them  in  sand,  and  Germany,  from  the  best  information  avail- 
able, is  casting  them  in  permanent  moulds.  A  steel  forging  for  a 
4.7-inch  shell  costs  over  $7  at  the  present  writing,  while  a  casting  of 
the  same  shell  can  be  made  for  a  little  over  $2.  Furthermore,  a 
liberal  saving  in  labor  and  machine-tool  consumption  can  be  effected. 
When  larger  projectiles  are  made,  a  larger  proportionate  saving  will 
follow.  When  more  than  1,000,000  rounds  per  day  are  made — and 
this  is  a  low  figure  to  expect — the  difference  in  cost  seems  incredible. 


ON  THE  NATURE  OF  THE  ORDINARY  GASEOUS  ION.* 

BY 

LEONARD  B.  LOEB,  Ph.D., 

U.  S.  Huri-au  of  Standards,  Washington,  D.  C. 

The  assumption  that  the  ordinary  g^aseous  ions  consisted  of 
cKisters  of  from  6  to  30  molecules  surrounding^  a  unit  electrical 
charge  was  made  to  explain  the  fact  that  the  diffusion  coeffi- 
cient of  an  ion  into  a  gas  is  from  one-fifth  to  one-tenth  as  great 
as  the  dift'usion  coetificient  of  a  similar  uncharged  molecule  into 
the  same  gas.  This  assumption  has  up  to  the  present  been  ac- 
cepted as  giving  the  correct  explanation  of  this  fact,  as  well  as  of 
the  behavior  of  ions  in  general.  Recent  experiments  on  the 
mobilities  of  the  ions  at  low  pressures  by  Wellisch,^  and  on  the 
mobilities  of  ions  in  high  electric  fields  by  the  author,-  as  well 
as  the  proof  by  Franck,"  Haines,"*  and  l-Yanck  and  Pohl  ■*  of 
the  existence  of  "  free  electrons  "  as  carriers  in  various  gases, 
have  thrown  serious  doubt  upon  the  correctness  of  such  a  theory. 
An  alternative  theory  was  proposed  in  1909  by  Wellisch  ^  and 
Sutherland  '  which  assumed  the  ions  to  be  single  charged  mole- 
cules. The  lowering  of  the  diffusion  coefficients  was  ascribed  to 
an  increased  drag  on  the  ions  in  the  gas  due  to  their  attractive 
forces  on  other  molecules.  In  view  of  the  apparent  failure  of  the 
cluster  theory  in  the  light  of  the  newer  results  it  is  of  impor- 
tance to  study  the  latter,  or  "  small  ion,"  theory  with  reference 
to  these  phenomena,  and  to  compare  the  explanations  of  the 
various  other  phenomena  which  it  yields  with  those  of  the  cluster 
theory,  to  see  if  they  are  equally  satisfactory.  It  is  with  this 
object  in  view  that  this  paper  is  written. 

It  \vill  be  generally  conceded  that  modern  results  all  point  to 
the  view  that  atoms  of  matter  are  electrical  in  nature.  It  is  not 
strange,  then,  that  electrical  charges  on  molecules  will  exert  at- 
tractive forces  on  other  neutral  molecules.  The  difference  in  the 
two  theories  as  to  the  nature  of  the  ions  lies  in  the  nature  of  the 
laws  of  attraction  between  the  ion  and  the  surrounding  mole- 
cules. On  the  cluster  theory  the  force  must  be  very  intense  when 
the  charge  is  within  one  or  two  molecular  radii  from  the  surface 

*  Communicated  by  the  Author. 
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of  the  niolccules  attracted.  It  must,  however,  rapidly  diminish 
to  nci^H<;ible  dimensions  with  increasing  distances  between  the 
charges  and  the  molecules.  In  the  case  of  the  small  ion  theory 
the  forces  must  be  comparatively  weak  e\  en  with  distances  com- 
parable to  the  molecular  diameters  between  the  charges  and  the 
molecules.  Jt  must  never  reach  such  dimensions  that  the  at- 
tracted molecules  are  able  to  adhere  to  the  surface  of  the  ion 
under  the  values  of  the  kinetic  energies  of  impact  of  gas  molecules 
at  ordinary  temperatures.  The  forces  must,  however,  extend 
w^ith  appreciable  values  over  distances  large  enough  to  make 
the  apparent  size  of  charged  molecules  large  in  comparison 
to  the  size  of  the  uncharged  molecules.  A  definite  decision  as 
to  the  validity  of  one  theory  to  the  exclusion  of  the  other  would 
very  definitely  decide  what  sort  of  forces  are  acting  between 
charges  and  molecules. 

The  ions  have  been  most  thoroughly  studied  through  the 
measurement  of  their  mobilities,  which  may  be  fairly  accurately 
determined  by  a  number  of  different  methods.  The  mobihty  is 
defined  as  the  velocity  of  the  ion  in  centimetres  per  second  for  an 
electrical  field  of  strength  of  one  volt  per  centimetre.  This 
property  of  the  ions  is  closely  connected  w^ith  the  diffusion  co- 
efficient to  which  it  is  related  by  means  of  the  equation  V  -  DP  I 
Ne,  where  U  is  the  mobility,  D  is  the  diffusion  coefficient,  P  is  the 
pressure,  N  the  number  of  molecules  in  a  unit  volume  of  the  gas, 
and  e  the  value  of  the  electron. 

Before  *  proceeding  further  with  the  study  of  the  effect  of 
the  various  factors  influencing  the  mobilities,  it  is  necessary  to 
make  a  few  comments  concerning  the  methods  used  in  determin- 
ing mobilities.  There  are  two  facts  common  to  all  methods  of 
mobility  measurement  which,  as  it  seems  to  the  author,  have  not 
been  given  the  prominence  they  possibly  deserve.  The  first  fact 
is  that  in  all  the  usual  devices  for  measuring  the  mobilities  of 
the  ions  these  mobilities  are  measured  for  ions  comparatively 
freshly  generated.  The  importance  of  this  becomes  evident  when 
one  realizes  that  under  these  conditions  the  mobilities  of  the  ions 
are  determined  on  ions  which  may  not  be  in  equilibrium  with 
their  surroundings.     The  second  fact  is  that  all  the  measure- 

*  The  explanation  of  the  difiference  in  mobilities  of  the  positive  and 
negative  ions  and  the  other  phenomena  set  forth  in  the  following  section 
is  still  somewhat  tentative. 
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ments  give,  not  the  inol>ilities  of  single  ions,  but  the  mean  niobih- 
ties  of  large  groups  of  ions.  Thus  a  small  fraction  of  ions 
which  have  not  yet  reached  equilibrium  would  change  the  value 
of  the  mean  appreciably,  so  that  conclusions  based  on  it  might 
be  erroneous.  As  it  is  to  be  shown  that  just  such  actions  taken 
together  with  the  theory  of  the  small  ion  might  enable  one  to 
explain  a  number  of  the  ion  phenomena  without  recourse  to  the 
questionable  cluster  theory,  it  is  imix)rtant  that  these  actions  be 
clearly  brought  out.  For  the  sake  of  simplicity  the  Rutherford 
alternating-current  method  of  determining  mobilities  as  modified 
by  Franck  ^  will  be  used  as  a  typical  example.* 

In  that  method  the  ions  generated  by  the  alpha  particles  of 

Fig.  I. 
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some  radio-active  substance  on  the  disk  ionize  the  air  in  the 
chamber  A,  Fig.  i.  The  ions  to  be  used  are  then  driven  through 
the  meshes  of  the  metal  gauze  G  by  means  of  a  small  accelerat- 
ing field  supplied  by  the  battery  B.  Above  G  is  placed  a  plate 
P  which  can  be  connected  to  an  electrometer.  The  distance  to 
this  plate  is  generally  accurately  known  and  kept  constant.  Be- 
tween  the  plate   P  and   the   gauze  the  alternating  potential   is 

*  This  method  is  used  for  the  sake  of  simplicity.  It  looks  at  first  sight 
as  if  the  Zeleny  *^  method  which  measures  the  slower  ions  of  a  given  group 
would  not  be  subject  to  the  same  deviations.  It  will  be  seen,  on  closet 
scrutiny,  that  in  this  case  also  an  appreciable  number  of  ions  of  changing 
mobility,  due  to  lack  of  equilibrium,  will  influence  the  curve  yielding  the 
critical  voltage  in  a  similar  manner  to  that  in  which  these  curves  are  altered 
in  the  Rutherford  method.  The  final  value  of  the  mobility  thus  obtained 
will  be  about  the  same. 
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applied.  The  frc([ucncy  of  this  is  in  s^cncral  kcpl  coiistaiil,  and 
tlie  potential  is  varied  in  niakinj^  the  determinations.  The  meth(j(l 
usually  employed  is  to  change  the  potential  of  the  alternating- 
field  and  record  the  values  of  the  ionic  currents  to  the  plate  P, 
as  shown  by  electrometer  deflections.  These  currents  are  then 
plotted  against  the  potential  of  the  alternating  field.  If  the 
apparatus  be  assumed  to  be  ideal,  and  if  the  secondary  factors  to 
be  discussed  are  assumed  to  be  absent,  the  curve  will  take  the 
following  form  (Fig.  2)  :  Starting  with  the  low  potentials,  there 
will  be  no  deflections  of  the  electrometer,  or  at  best  small  ones, 
which  will  be  constant,  independent  of  the  value  of  the  potential. 
At  a  certain  critical  potential   Vo,  at  which   the  ions  are  just 


Fig.  2. 


Fig.  3. 


able  to  traverse  the  distance  between  the  plates  in  the  time  of  a 
half  period,  the  current  will  suddenly  rise  parallel  to  the  axis  of 
abscissae.  This  reaches  a  certain  maximum  value,  and  from  then 
on  the  current  gradually  increases  with  the  potential.  It  is  the 
value  of  Vo  taken  from  the  curve  which,  if  substituted  in  a 
simple  formula  with  the  period  of  alternation  of  the  current  and 
the  plate  distance,  will  give  the  value  of  the  mobility.  In  prac- 
tice the  ideal  case  is  never  realized,  for  the  meshes  of  the  gauze 
have  a  finite  depth  and  the  ions  do  not  all  start  from  the  same 
level  in  the  meshes.  The  diffusion  of  the  ions  through  the 
gauze  would  also  act  to  prevent  this  condition  from  being  realized. 
The  plates  are,  furthermore,  never  exactly  parallel,  and  this 
factor,  as  well  as  any  irregularity  in  the  field  between  the  gauze 
and  the  plate,  enhance  the  deviations.     The  result  is  that  the 


Doc.  1917. 1  X AxrHK   OF   TiASKors   Ton.  'j'j^) 

rise  of  ihc  ion  current  at  / '„.  instead  of  l>cin^^  vertical,  becomes 
inclined  to  the  vertical  (1ml;.  ^^).  The  poini  transitions  {i.e., 
discontinuities)  from  the  horizontal  elements  of  the  curve  to  the 
vertical  element  also  disapjK^ar,  and  the  transition  leads  to  a 
smooth  curve  which  loses  its  sharpness  more  and  more  the 
i^reater  these  effects.  These  so-called  instrumental  errors,  when 
reduced  to  a  minimum,  are  not  of  themselves  serious,  as  they 
act  symmetrically.  W  hen,  however,  superposed  upon  errors  due 
to  the  agents  above  mentioned,  they  may  well  change  the  results 
of  the  measurements. 

The  process  of  ic:)nization  consists  in  the  removal  of  an  elec- 
tron from  a  neutral  molecule,  the  molecule  thus  accjuiring  a  re- 
sultant positive  charge,  and  on  the  small  ion  theory  becoming  a 
positive  ion.  The  space  below  the  gauze  C  is  accordingly  filled 
by  the  ionizing  agent  with  a  numl)er  of  these  ions  and  with  free 
electrons.  The  negative  carriers  in  all  gases  at  high  pressures, 
except  the  inert  gases,  consist,  for  the  most  part,  of  carriers  with 
approximately  the  same  mobility  as  the  ix)sitive  ions.  Conse- 
quently, whether  clustering  takes  place  or  not,  in  order  to  have 
their  mobilities  measured  as  ions  the  negative  carriers  must 
change  from  electrons  to  ions  initially  by  union  with  a  neutral 
molecule.  It  is  permissible  to  suppose  that  the  molecule  and 
the  electron  must  meet  in  some  fortuitous  manner  in  order  that 
tliey  may  unite  to  form  an  ion  such  that  every  encounter  be- 
tween electron  and  ion  will  not  necessarily  mean  ion  formation. 
Let  it  be  assumed  that  it  is  possible  for  an  electron  to  traverse  a 
great  many  mean  free  paths  without  uniting  to  form  an  ion. 
Since  the  electrons  start  toward  the  gauze  as  soon  as  generated, 
and  since  the  mobility  of  the  electron  is  very  high,  it  is  possible 
that  a  number  of  the  electrons  get  through  the  gauze  in  the  free 
state.  Those  electrons  getting  through  the  gauze  will  then  come 
under  the  influence  of  the  alternating  field.  Some  of  them  will 
succeed  in  traversing  the  space  from  (7  to  F  without  uniting  with 
a  molecule.  The  effect  of  these  electrons  will  be  to  give  an 
initial  current  from  the  plate  to  the  gauze  at  values  of  V  way 
below  Vo.  Most  of  the  electrons  penetrating  the  gauze  will  com- 
bine with  molecules  before  reaching  F.  The  ions  formed  be- 
tween G  and  F  will  consequently  reach  F  at  values  of  the  volt- 
agfe  V  helow  Vo,  w^hich  is  necessarv  for  the  slow  normal  ions. 
Since  the  number  of  electrons  covering  a  given  distance  in  the 
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gas  without  union  follows  a  probability  law,  the  curve  between 
ion  current  and  voltage  from  the  lower  values  of  V  to  Vo  will 
increase  according  to  such  a  law.  Thus  the  lower  corner  of  the 
ideal  mobility  curve  would  be  rounded  by  this  curve  (Fig.  4). 
Such  a  curve  superposed  on  the  curve  distorted  by  the  instru- 
mental errors  could  materially  affect  the  value  of  V  chosen  as 
Vo.  The  effect  of  such  distortion  on  Vo  would  tend  to  give  too 
small  values  for  it.  Thus  the  mobilities  calculated  from  such  a 
Vo  would  be  higher  than  the  real  mobilities  of  the  negative  ions. 
Since  the  positive  ions  have  no  chance  for  such  a  distortion,  it  is 
possible  that  in  this  action  one  has  an  explanation  of  the  differ- 
ence in  mobility  of  the  positive  and  negative  ions.  It  is  to  be 
noted  that  the  gases  in  which  the  electrons  have  been  shown  to  be 


Fig.  4. 


Fig.  5. 


free  for  greater  periods  of  time  are  the  gases  that  exhibit  the 
greatest  differences  between  the  mobihties  of  the  positive  and 
negative  ions;  e.g.,  N2,  Hg,  air,  pure  He  and  Ar,  compared  to 
CO2,  CO,  NH3,  C2H5O1H.  If  such  an  action  taking  place  to 
the  shght  extent  which  it  does  is  able  to  produce  appreciable 
changes  in  the  mobilities  of  the  ions  in  some  of  the  gases  at  ordi- 
nary pressures,  it  is  not  in  the  least  surprising  that  certain  gases 
at  low  pressures  might  give  quite  abnormally  high  values  of  the 
negative  mobility  only.  Such  mobilities  at  low  pressures  were 
originally  taken  as  evidence  for  a  disintegrating  cluster  ion. 

Again,  the  following  actions  might  be  imagined  as  taking 
place.  Let  it  be  assumed  that  the  gas  contains  an  easily  conden- 
sible  vapor  of  a  pronounced  electronegative  character  and  hav- 
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ing  a  high  dielectric  constant,  such,  for  instance,  as  alcohol  or 
water  vapor.  According  to  Barus,''  there  is  evidence  that  such 
vapors  contain,  besides  the  single  molecules,  an  assortment  of 
groups  of  molecules,  or  nucleii,  of  various  sizes.  It  is  on  these 
nucleii  that  condensation  takes  place  in  dust-  and  ion-free  air 
containing  water  vapor  when  eight-fold  supersaturation  is 
reached.  If  such  vapors  are  present  in  a  gas,  there  will  always 
be  a  number  of  such  nucleii  present  per  cubic  centimetre  which 
will  increase  as  the  concentration  of  the  vapor  is  increased.  At 
low  concentration  these  nucleii  would  be  too  few  in  number  to 
exert  much  etlect.  The  presence  of  electronegative  molecules 
alone  would  tend  to  decrease  the  number  of  electrons  reaching 
the  gauze  in  the  free  state.  By  an  electronegative  gas  is  meant 
one  which  shows  a  tendency  to  take  up  negative  charges.  This 
is  analogous  to  the  use  of  the  term  "  electronegative  "  applied 
to  the  chemical  elements  which  in  chemical  combination  tend  to 
assume  the  negative  charge  where  possible.  In  general,  gases 
which  act  strongly  electronegatively  in  their  chemical  reactions 
will  also  have  a  high  electron  atlinity  in  the  molecular  gaseous 
state.  In  such  a  gas  the  encounters  between  neutral  molecules 
and  electrons  will  more  frequently  result  in  ion  formation  be- 
cause of  the  nature  of  the  vapor.  The  first  effect  of  the  presence 
of  such  vapors  would  then  be  to  tend  to  wipe  out  the  difference 
in  the  mobilities  between  the  positive  and  negative  ions  by  pre- 
venting the  distortion  of  the  curves  through  premature  nega- 
tive charges.  On  increasing  the  vapor  concentration  the  num- 
ber of  nucleii  would  increase  to  such  an  extent  that  it  would  be 
possible  for  normal  negative  or  positive  ions  to  encounter  ap- 
preciable numbers  of  these  between  the  plate  and  gauze.  The 
probability  of  such  an  encounter  is  still  further  increased  because 
of  size  and  high  dielectric  constants  of  these  nucleii.  An  ion 
caught  by  such  a  bulky  nucleus  would  never  reach  the  plate  P 
at  the  value  of  Vo  for  the  normal  ions.  At  higher  values  of  V 
than  the  true  value  of  Vo,  some  of  these  retarded  ions  will  reach 
the  plate  and  contribute  to  the  current  from  G  to  P.  The 
greater  V  above  Vo,  the  greater  the  effect  of  these  wnll  become. 
This  abnormal  increase  of  current  above  Vo  superposed  on  the 
instrumental  errors  will  distort  the  curve  in  such  a  manner  (i.e., 
by  causing  the  upper  horizontal  portion  of  the  curve  to  slope 
upwards)  that  the  values  chosen  for  Vo  for  the  ions  will  be  too 
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^reat  {I'ly;.  5).  The  mobilities  of  both  ions  will  accordingly 
appear  to  decrease  with  increasing-  concentrations  of  the  vapors, 
the  valnes  of  the  ne<^ative  mobilities  (lecreasinj2:  more  rapidly 
than  the  positive  ions — a  phenomenon  that  is  actually  observed. 

i  laving  discussed  the  effect  of  certain  of  the  more  obscure 
aspects  of  the  methods  of  ion  measurement,  to  which  reference 
will  repeatedly  be  made  in  what  follows,  one  may  now  turn  to 
the  discussion  of  the  ion  theories. 

I.  Mobility  and  flic  Diiiuiisions  of  the  Carrier. 

Except  for  the  case  of  electrons,  the  nature  of  the  initial 
carrier  of  the  charge  appears  to  make  little  or  no  difference  on 
the  mobility  of  the  carrier.  For  example,  methyl  iodide  ions  in  an 
atmosphere  of  hydrogen  were  shown  by  W'ellisch^^  to  have  the 
same  mobilities  as  the  hydrogen  ions.  The  same  holds  true  for 
the  recoil  atoms  from  radio-active  changes,  as  shown  by  Ruther- 
ford,^^ Franck,^-  and  Franck  and  Meitner.^-'  Such  results  would 
be  predicated  on  the  cluster  theory,  since  the  cluster  would  com- 
pletely change  the  original  carrier.  It  would,  however,  only  be 
possible  if  a  sort  of  compensating  action  were  supposed  to  take 
place  between  the  mass  or  size  of  the  nucleus  and  the  number 
of  molecules  entering  into  the  cluster.  This  action  would  as- 
sume a  decrease  of  the  attracting  force  on  outside  molecules  of 
the  cluster  with  increasing  dimensions  of  the  nucleus,  thus  limit- 
ing the  number  of  attendant  cluster  molecules.  This  assumption 
does  not  seem  unnatural.  On  the  small  ion  theory  the  explana- 
tion would  be  similar,  except  that  in  this  case  the  compensating 
action  would  take  place  between  the  dimensions  of  the  nucleus 
and  the  magnitude  of  the  attractive  forces  on  outside  molecules, 
which  would  not  involve  the  formation  of  a  cluster.  The  in- 
creased size  of  a  charged  molecule  would  act  to  compensate  the 
increase  of  the  mobility  due  to  the  decreased  drag  on  outside 
molecules  Avith  a  large  body  to  the  ion.  Accordingly  there  is  no 
choice  between  the  theories  as  reg^ards  this  action. 


'}=>• 


2.   The  X  at  lire  of  the  Surrounding  Gas  and  the  Mobilities. 

The  action  of  the  nature  of  the  surrounding  gas  on  the  mobili- 
ties seems  to  be  influenced  by  several  distinct  properties  of  the 
gas.  These,  in  general,  are  superposed,  and  in  studying  the 
question  it  is  first  necessary  to  separate  them  clearly.     The  prop- 
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ertics  uf  the  gas  active  in  this  ropcct  arc:  (ij  The  molecular 
weight  of  the  molecules;  {2)  the  dielectric  nature  of  the  gas; 
(3)  the  electrochemical  nature  of  the  gas.  It  might  also  be 
expected  that  the  radii  oi  the  gas  molecules  might  be  active. 

The  clYcct  of  the  electrochemical  nature  of  the  gas  must  be 
discussed  first,  as  it  masks  the  other  factors  mentioned.  The 
ratio  of  the  negative  to  the  positive  mobilities  of  the  ions  in  a 
given  gas  {i.e.,  U-/.U +)  api>ears  to  be  greater  than  unity  in 
all  the  more  electropositive  gases.  It  has  never  unquestionably 
been  shown  beyond  the  limits  of  experimental  error  to  Ije  less 
than  unity  for  any  gases.'"  The  assumption  will  be  made  at 
this  ix)int  that  the  mobility  of  the  negative  ion  is  never  less  than 
that  of  the  positive  ion.  This  means  that  the  normal  mobility  of 
ions  in  a  gas  is  given  by  the  positive  ions.  It  further  means  that 
in  case  the  mobilities  of  the  ions  differ  in  the  more  ix)sitive  gases, 
it  is  the  negative  ions  that  for  some  reasons  appear  to  have 
abnormally  high  mobilities.  This  abnormal  mobility  of  the 
negative  ion  in  electropositive  gases,  i.e.,  gases  that  tend  to  lose 
electrons  rather  than  gain  them,  has  already  been  explained, 
in  the  discussion  of  the  methods  of  mobility  measurements,  on 
the  assumption  that  the  electrons,  when  newly  generated,  do  not 
unite  to  form  ions  with  every  molecular  impact  they  make.  If 
this  view  is  not  accepted,  it  forces  one  to  assume  that  the  dif- 
ference of  the  mobilities  is  due  to  the  fact  that  the  force  of 
dielectric  attraction  acting  on  a  group  of  electropositive  mole- 
cules is  greater  for  a  positive  than  for  a  negative  charge. +  In 
other  W'Ords,  the  dielectric  constant  varies  with  the  sign  of  the 
charge,  and  this  variation  is  different  for  different  gases.  This 
is  an  assumption  that  the  writer  is  loath  to  make. 

*  In  the  results  of  Wellisch "  this  ratio  is  about  0.8  for  ethyl  alcohol 
vapor,  while  it  is  greater  than  unity  in  the  results  of  Przibram,"  *^  and  in 
later  results  by  WelHsch.^  With  this  exception,  the  cases  where  the  ratio  of 
the  mobihties  is  less  than  unity  all  lie  pretty  well  within  the  limits  of  experi- 
mental error.  In  general  the  ratios  in  the  electronegative  vapors  approach 
unity. 

t  In  a  recent  brilliant  paper ""'  Wellisch  explains  the  difference  in  the 
mobilities  of  the  positive  and  the  negative  ions  on  the  basis  of  differences  in 
the  elasticity  of  the  impacts  between  negative  ions  and  various  neutral 
molecules.  Such  dift'erences  in  the  natures  of  impacts  of  electrons  with 
different  types  of  molecules  were  actually  observed  by  Franck  and  Hertz.*^ 
It  seems  to  the  writer  that  this  is  probably  the  most  fruitful  explanation  of 
this  difference  yet  proposed. 
Vol.  184,  Xo.  1104 — 54 
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'i'urning  now  lo  the  ulhcr  factors,  one  may  make  use  of  the 
assumption  that  tlie  mobihties  of  the  positive  ions  are  the  normal 
mobihtics  of  the  gaseous  ions.  With  this  assumption,  the  varia- 
tion of  the  mobihties  with  the  molecular  weight  of  the  gases 
may  be  studied.  Kaufmann  ^^  pointed  out  that  if  the  mobilities 
of  the  ion  in  the  so-called  ''  permanent  gases  "  (i.e.,  helium, 
nitrogen,  oxygen,  and  carbon  dioxide)  be  taken,  the  mobilities 
appear  to  be  approximately  proportional  to  the  inverse  square 
roots  of  the  molecular  weights  of  the  gases.  For  the  vapors  and 
for  most  other  gases  this  law  does  not  seem  to  hold,  as  may 
be  seen  from  Table  I,  fifth  column,  where  Ujj/.U^  is  divided  by 
(M  JM^y-,  The  resulting  figures  are  not  even  approximately  con- 
stant.    It  was  noticed  by  the  writer,  in  testing  this  law,  that  the 


Table  I. 


Ma\^ 


Gas 


+ 


Observer 


(K-i)/* 


Hydrogeni^ 6.02 

Helium 5.09 

Argon 1.37 

Nitrogen 1.27 

Oxygen 1.30 

Air I.3S 

Ammonia 0.74 

Carbon  dioxide. .  .  0.81 

Carbon  monoxide—  i.io 

Sulfur  dioxide 0.44 

Nitrous  oxide 0.82 

Ethyl  alcohol 0.34 

Carbon    tetra- 

chloride 0.30 

Ethyl  chloride.  ..  .  0.33 

Ethyl  ether 0.29 

Methyl  bromide. . .  0.29 

Ethyl  formate ... .  0.30 

fEthyl  bromide. 


I 

1. 186 

4-405 

4-755 

4.64 

4-47 

8.17 

7.46 

5-49 
13.72 

7-37 
17.75 

20.01 

18.3 

20.8 

20.8 
20.01 


I 

1.42 

4-47 

3.74 

4.00 

3.87 

2.92' 

4.69 

3.74 
5.66 
4.69 
4.80 

8.78 
S.67 
6.08 
6.88 
6.08 


I 

0.836 
0.986 
1.272 
1. 158 
1. 155 
2.795 
1.606 


.000273 
.000074 
.000100 
.000590 
.000540 
.000590 
.007700  28.18 
.000960     3.51 


I 

.271 
.366 
2.16 
1.98 
2.16 


I 

.728 
.775 
1. 210 
1. 180 
1. 210 
2.310 
1.370 


1.466    .000690     2.53  1.260 

2.425    .009050  32.96  2.400 

1.570    .001070     3.92  1. 410 

3.697    .009400  34-41  2.430 

2.280    .004260  15.60  1.990 

3.228    .015500  56.80  2.750 

3.422    .007420  25.62  2.240 

3.024   .014600153.46  2.710 

3.292    .008700  31.87  2.380 


I 

1. 15 
1.27 
1.05 

.98 

.96 

1. 21 

1. 17 

1. 16 

1. 01 

I. II 
1.52 

I.IS 

1. 17 
1-53 
I. II 
1.38 


Franck. 

Franck. 

Franck. 

Franck. 

Franck. 

Mean. 

Wellisch. 

Wellisch 

(also  mean) 

Wellisch. 

Wellisch. 

Wellisch. 

Wellisch. 

Wellisch. 
Wellisch. 
Wellisch. 
Wellisch. 
Wellisch. 


Mean 


1. 18 


greatest  deviations  from  constancy  occurred  for  gases  having  the 
greatest  dielectric  constants.  The  value  of  the  dielectric  con- 
stant for  the  gases  diminished  by  i  was  then  determined  for  these 
gases  and  included  in  the  table.    It  is  seen  that  if  one  divides  the 

*  The  values  of  the  positive  mobilities  used  in  the  table  are  chiefly  those 
of  Franck"  and  Wellisch.®  Those  obtained  for  a  large  number  of  vapors 
by  Przibram  *^  "  are  not  used  in  this  table,  since  they  were  determined  by  a 
method  the  results  of  which  are  somewhat  unreliable.  Przibram*'  himself 
was  forced  to  alter  the  original  values  which  he  published  by  a  considerable 
factor  in  a  later  paper,  due  to  the  inaccuracies  of  the  method. 
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ratio  above  by  the  fourth  root  of  the  dielectric  constant  less  one 
relative  to  hydrogen,  one  obtains  values  of  the  whole  ratio  that 
are  very  nearly  constant  and  c(|ual  to  unity.  This  holds  over  a 
vy^ide  range  of  compounds.  'I'here  are  a  few  variations  of  as 
much  as  30  per  cent,  from  the  mean.  However,  when  it  is  con- 
sidered that  with  possible  errors  of  as  much  as  15  per  cent,  in 
the  mobilities,  and  with  possible  errors  of  50  per  cent,  in  the 
dielectric  constants  due  to  the  differences  in  temperature  for 
some  of  the  easily  condensible  vapors,  it  is  not  strange  that  the 
agreement  is  not  more  perfect.  One  must  conclude,  then,  that 
the  Kaufmann  law  holds  fairly  well,  provided  the  variations  of 
the  dielectric  constant  are  allowed  for. 

One  might  expect  that  the  mobility  would  vary  as  some  func- 
tion of  the  radius  of  the  molecules  in  a  gas.  This  does  not  seem 
to  be  the  case.  In  fact,  no  correlation  between  various  functions 
of  the  molecular  radii  as  given  by  kinetic  theory  could  be  found 
by  the  writer.  This  does  not  seem  surprising,  as  in  the  case  of 
the  uncharged  molecules  the  radius  is  defined  as  the  mean  dis- 
tance between  the  molecular  centres  in  collision.  What  this 
would  amount  to  in  the  case  of  the  neutral  molecule  and  the 
charged  ion  no  one  can  say.  There  is  no  question  but  that  such  a 
radius  would  depend  on  the  natures  of  the  forces  acting  on  the 
molecule  and  the  ion;  i.e.,  possibly  on  the  dielectric  constant  of 
the  molecule,  if  such  a  term  may  be  used.  The  molecular  radius 
is  also  related  in  some  way  to  the  molecular  weight.  At  any 
rate,  the  effect  of  the  radius  of  the  molecules  of  the  gas,  or  any 
simple  function  of  this,  seems  to  be  absent  as  an  active  factor 
in  influencing  mobilities. 

The  relations  above  give  the  essential  factors  of  the  varia- 
tion of  the  mobility  with  the  nature  of  the  gases ;  i.e.,  from  gas 
to  gas.  This  variation  is  superposed  on  the  total  abnormal  lower- 
ing of  the  diffusion  coefficients  below  that  of  neutral  molecules. 
Even  in  the  case  of  positive  helium  ions  does  one  get  a  positive 
diffusion  coefficient  of  considerably  lower  value  than  the  diffusion 
coefficient  of  neutral  atoms  of  helium.  In  this  extreme  case  the 
atoms  are  small  and  the  value  of  (K-i)  the  lowest  of  that  of 
any  gas.  Finally,  helium  has  no  valency,  is  inert  chemically,  and 
has  apparently  very  little  cohesion.  There  accordingly  must  be 
some  agent  at  work  which  causes  the  iratial  lowering  for  all 
atoms  and  molecules.    The  effect  of  the  other  factors  would  be 
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superposed  on  this.  If  this  superposed  effect  be  removed,  an 
initial  lowering  which  is  the  same  for  all  atoms  and  molecules 
should  appear.  This  becomes  clear  in  Table  II.  In  this 
table  the  diffusion  coefficients  are  given  as  calculated  from 
the  formula  D  =  300  U  P/Ne,  or  very  nearly  D  =  .0236  U.  Be- 
sides this,  the  table  includes  the  values  of  the  diffusion  coeffi- 
cients of  the  neutral  molecnlcs  as  actually  determined  for  some 
gases  into  gases  of  equal  molecular  weight.  In  one  case  the 
diffusion  coefficient  is  estimated  for  these  molecules.  It  may  be 
seen  that  the  values  of  the  ratio  of  the  diffusion  coefficients  for 
the  molecules  to  that  of  the  ions  range  from  four  to  thirteen.    It 

Table  II. 


Gas 
dilTusing 


Argon 
H2 
Air 
O2 

CO2 

CO2 

CaHfiOH 

Air 

H2O 
NH3 


Gas  diffused  into 

D 
molecules 

u  + 

for  ions 

D  ions 
actually 
measured 

Helium 

Nitrogen 

Oxygen 

.706 

•739 
.178 

5-09 
6.02 

1-35 

1.20 

•143 
.0319 

.123 
.028 

N2 

.171 

1.27 

.0299 

•025 

N2O 

(1.5-1-0) 

.82 

.0193 

•  *023 

CO 

1.31 

.81 

.0193 

CO2 

Ethyl    ace- 
tate 

.0693 
•093 

•34 
•3ot 

.00805 
.0071 

Air 
NH3 

.246 
.i9ot 

1.35 

•74 

.0319 
.0174 

Relative 
D  molecules 


5-88     ^:^ 

5.16    6.01 

558  6.36 
5.72  6.85 

0.772  6.52 

6.80  .... 
8.50    . . . 

I3-I 

7.72      .  .  . 
10.9 


(K-l)  Ji 

relative 

to  H2 


.0728 

l!l8 
1. 21 

1^37^ 
1.41 

1-37 
2.43 
2.38 

1. 18 
2.31 


Mean    5.3 


D  mols. 
D  ions 
(K-i) 
relative  to  H2 


8.10   ** 
16    6.01 


73 
73 
73 
47 
96 

49 
51 

53 

72 


538 
568 
4.76 
4-73 


*  For  CO2  into  CO2. 

t  For  ethyl  formate.  

j  Estimated. 

§  For  CO2  and  also  for  NoO. 

**Values  from  actual  observed  values  of  D  ions. 

can  be  further  seen  that  here,  as  before,  the  highest  values  of 
these  ratios  lie  with  the  gases  that  have  the  highest  values  of 
(K-i).  If  one  divides  the  relative  values  of  the  ratios  by  the 
fourth  root  of  (i^-i),  as  w^as  done  for  the  mobilities,  one  finds 
that  this  ratio  is  reduced  to  a  fairly  constant  value;  i.e.,  about 
5.3.  The  greater  variations  from  constancy  observed  here  are 
due  to  the  fact  that  the  diffusion  coefficients  of  the  molecules  into 
molecules  of  the  same  kind  could  not  be  used.  Approximations 
had  to  be  made,  and  it  was  assumed  that,  for  instance,  the  value 
of  D  for  C2H5OH  into  CO2  was  the  same  as  for  C2H5OH  into 
C2H5OH  vapor,  a  wild  assumption  at  best.  In  the  table  allow- 
ance was  made,  as  far  as  possible,  for  the  variation  in  molecular 
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weight,  but  no  allowance  was  made  for  the  shape  of  the  mole- 
cules; i.e.,  whether  they  were  di-  tri-,  or  polyatoniie.  It  can  be 
concluded  from  this  that  an  initial  lowering  of  about  fivefold  in 
the  coefficients  may  really  exist. 

The  Kaufmann  law  could  be  expected  to  hold  equally  well  on 
either  theory.  The  action  of  the  value  of  K-i  in  influencing 
mobilities  would  also  be  expected  on  cither  theory.  The  fact 
that  it  is  the  fourth  root  of  K-i  that  enters  into  the  Kaufmann 
law  as  a  correction  seems  to  favor  the  small  ion  theory  to  a 
slight  extent.  Nearly  all  of  the  cluster  theories  contain  the 
value  of  A'-i  to  the  first  power  as  a  factor.  This,  as  will  be 
seen  later  if  coupled  with  an  inverse  fifth  power  law  of  force 
between  the  molecules  and  charges,  inevitably  leads  to  a  very 
stable  cluster.  Consequently  the  smaller  factor  obtained  above 
might  indicate  the  existence  of  a  weaker  law  of  force.  The 
general  abnormal  lowering  of  the  diffusion  coefficients  of  the 
ions  is  the  original  phenomenon  which  called  for  an  explanation 
by  means  of  one  or  the  other  of  the  theories.  The  absence  of  any 
dei>endence  of  the  mobilities  on  molecular  diameters  as  deter- 
mined by  kinetic  theory  would  have  no  meaning.  The  differ- 
ence between  the  positive  and  the  negative  mobilities  in  certain 
gases  offers  no  difficulty  to  either  theory  on  the  explanation  given 
above,  unless  the  reluctance  of  electrons  to  unite  with  molecules 
to  form  an  ion  at  first  encounter  be  considered  an  argument 
against  the  cluster  theory  (see  later). 

3.  Gaseous  Mixtures. 

The  influence  of  mixtures  of  gases  on  the  mobilities  has  been 
but  very  little  studied,  with  the  result  that  the  explanation  of 
the  behavior  of  the  ions  in  mixtures  has  not  lent  itself  to  treat- 
ment by  any  of  the  mathematical  theories  yet  deduced.  The 
mobilities  in  mixtures  seem  to  show  three  different  types  of 
deviation  from  the  mobilities  in  pure  gases.  Franck  and  Pohl  ^'  "* 
found  that  the  mobilities  of  the  negative  carriers  in  pure  helium 
and  argon  were  of  the  order  of  magnitude  of  200  or  more. 
This  high  mobility  of  the  negative  carriers  was  explained  by 
the  assumption  that  they  were  electrons  which  wxre  not  attached 
to  atoms.  They  further  found  that  when  small  traces  of  the 
more  electronegative  gases  were  added  to  the  inert  gases  the 
mobilities  of  the  negative  carriers  rapidly  fell  to  the  values  ob- 
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served  for  the  positive  ions.  This  may  be  explained  by  the  as- 
sumption that  the  electrons  which  were  not  able  to  attach  to  the 
molecules  of  the  inert  gases  promptly  attached  themselves  to 
the  molecules  of  the  impurities  added,  thus  forming  negative 
carriers  of  the  dimensions  of  the  normal  ions.  The  greater  the 
concentrations  of  the  impurities,  the  greater  the  number  of  ionic 
negative  carriers  formed,  and  the  more  nearly  normal  the  nega- 
tive mobilities  will  appear. 

As  an  example  of  the  second  sort  of  change  produced  in  the 
mobilities  of  the  ions  on  mixing  the  gases,  one  may  quote  the 
following  results  taken  from  a  paper  by  Wellisch  ^^  as  being 
typical :  SOo  and  O2  were  mixed  such  that  the  partial  pressures 
were  131  mm.  and  629  mm.  respectively.  The  mobilities  were 
measured  in  this  mixture  and  found  to  be  ^  +  =  0.72  and  ti-  = 
0.76,  while  the  mobilities  in  pure  SO2  were  ^  +  =  0.44  and  u-  = 
0.44,  and  in  O2  were  u  +  =  1.36  and  ti-=  1.78.  In  other  words, 
the  mobilities  seem  to  take  on  values  intermediate  between  the 
mobilities  in  the  pure  gases.  The  lowering  of  the  mobility  is 
greater  than  would  be  expected  on  the  assumption  that  the  mobili- 
ties followed  the  simple  law  of  mixtures.  No  data  have  been 
taken  for  a  variety  of  different  concentrations  of  the  same  two 
gases,  and  so  no  accurate  conclusions  can  be  draw^n  as  to  the 
relations  between  mobilities  in  mixtures  of  gases  and  the  relative 
concentrations. 

The  abnormal  changes  in  the  mobilities  of  the  ions  caused  by 
the  addition  of  small  quantities  of  certain  of  the  very  electro- 
negative vapors  exhibit-  a  third  effect  of  mixing  the  gases  on 
mobilities.  A  striking  example  of  this  effect  may  be  seen  in  the 
following  results.  ^^  The  mobilities  w^ere  measured  in  air  at 
atmospheric  pressure  with  an  added  pressure  of 

u+  u- 

6  mm.  C2H6Br   gave    1.37  1.80 

6  mm.  CH3I  gave   1.37  1.80 

10  mm.  C2H5OH  gave     0.91  i.io 

9  mm.  CsHeO  gave  1.15  1.37 

nothing    gave    1.37  1.80 

These  substances  are  all  vapors.  The  lower  two  which  exert 
the  abnormal  effect  on  the  mobilities  are  substances  of  pro- 
nounced electronegative  character  that  have  high  dielectric  con- 
stants in  the  liquid  state  and  that  are  also  highly  associated  in 
that  state,    ^^^ater  vapor  also  belongs  to  this  class. 
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The  first  class  of  lowering  discussed  is  independent  of  any 
theory  of  the  ions.  On  either  theory  the  electron  must  first  add 
onto  at  least  one  molecule  before  it  becomes  an  ion,  which  is  all 
that  is  needed  to  explain  the  effects  observed.  The  discussion  of 
the  existence  of  unattached  electrons  in  general  will  be  left  to  a 
later  topic.  The  normal  change  of  the  mobilities  due  to  mixing 
two  gases  is  equally  well  explained  by  either  theory.  In  the 
case  of  the  cluster  theory,  either  the  size  and  the  composition  of 
the  ion  may  change  with  changing  relative  concentrations,  or  the 
composition  of  the  cluster  may  stay  fixed  and  the  effect  of 
changing  the  mixture  could  be  caused  by  a  change  in  the  prop- 
erties of  the  surrounding  gas  molecules  which  do  not  enter  into 
the  cluster.  It  seems  quite  likely  that  both  of  these  effects  are 
of  importance,  for  the  latter  effect  alone  might  lead  one  to  expect 
the  simple  law  of  mixtures  to  hold.  On  the  small  ion  theory  the 
effect  of  an  altered  cluster  is  substituted  by  a  change  in  drag  on 
the  small  ion  by  changes  in  the  natures  of  the  surrounding  gas 
molecules.  The  third  type  of  change  in  mobilities  caused  by 
small  traces  of  certain  of  the  negative  vapors  can  be  explained 
by  assuming  that,  due  to  the  powerful  associative  tendencies  of 
these  vapors,  the  Barus  nucleii  are  present  in  appreciable  quanti- 
ties. These  w^ould  have  the  effect  on  the  mobilities  due  to  the 
peculiarities  of  the  methods  of  measurement  which  have  been 
already  discussed.  This  explanation  applies  equally  well  to  the 
cluster  and  the  small  ion  theories.  Aside  from  this  explanation, 
the  cluster  theory  attempts  to  explain  this  effect  by  assuming  the 
formation  of  abnormally  large  clusters  with  such  vapors  of  high 
dielectric  constants  and  strong  electronegative  properties.  The 
cluster  theory  would  expect  the  presence  of  only  enough  of  the 
negative  molecules  to  form  the  large  clusters.  The  small  ion 
theory  would  demand  concentrations  of  the  vapor  sufficient  to 
produce  the  requisite  number  of  Barus  nucleii.  No  decisive 
differentiation  between  the  theories  can  be  made  in  this  field  until 
quantitative  determinations  have  been  made  on  the  lowering 
produced  by  different  percentages  of  the  negative  vapors.  The 
net  result  of  this  discussion  of  the  effect  of  mixtures  has  been  to 
show  that  the  small  ion  theory  is  capable  of  explaining  these 
effects  about  as  well  as  the  cluster  theory  can.  Under  these  cir- 
cumstances these  phenomena  may  not  be  urged  as  arguments 
against  a  small  ion  theory. 


790  Leonard  B.  Loeb.  [J.  F.  I. 

4.   i'oiidiiisalioii  li.vpci'iinciits. 

'i1ic  phenomenon  of  the  condensation  of  supersaturated 
vapors  on  ions  or  nueleii  is  very  closely  allied  to  the  action  of 
certain  vapors  on  the  mobilities.  C.  T.  R.  Wilson  '*'  found  that 
ions  present  in  dust-free  gases  saturated  with  water  vapor,  alco- 
hol vapor,  etc.,  would,  if  the  gas  were  adiabatically  expanded, 
cause  the  vapor  to  condense  on  them  and  to  form  a  cloud  of 
drops  even  when  the  expansion  was  well  below  the  amount  suffi- 
cient to  cause  such  condensation  in  ion- free  air.  In  the  case  of 
water,  the  negative  ions  became  condensation  centres  on  an  ex- 
pansion to  1.25  the  former  volume,  the  positive  ions  on  an  ex- 
pansion to  1.34  the  former  volume.  With  other  gases,  the 
positive  ions  act  more  readily  than  the  negative  ions.  The 
values  given  above  for  water  correspond  to  a  four- fold  super- 
saturation  in  the  case  of  the  negative  ions.  In  dust-free  air  on 
eight-fold  supersaturation,  the  condensation  takes  place  in  the 
absence  of  ions. 

J.  J.  Thomson  ^^  worked  out  the  energy  relations  involved  in 
the  formation  of  drops  for  different  conditions  of  supersatura- 
tions  as  determined  by  the  forces  of  condensation,  evaporation, 
surface  tension,  and  electric  attractions.  A  drop  once  formed 
under  given  conditions  of  supersaturation  will  not  necessarily 
grow  to  a  larger  drop.  This  is  due  to  the  action  of  surface  ten- 
sion in  increasing  the  vapor  tension.  An  electric  charge  placed 
on  a  drop  that  might  even  be  evaporating  under  the  conditions  in 
which  it  is  placed  when  uncharged  would  preserve  the  drop  and 
aid  it  in  passing  the  critical  stage  in  its  growth  to  a  visible  cloud 
particle.  The  manner  in  which  the  drop  acquires  its  charge  has 
no  influence  on  this  action ;  so  that  it  makes  no  difference  whether 
the  drop  grew  from  a  cluster  ion  or  became  charged  through  pick- 
ing up  an  ion  after  being  formed.  The  small  ion  theory  is  then 
in  perfect  accord  with  the  condensing  action  of  ions. 

The  cluster  theory,  on  the  other  hand,  demands  that  some  of 
the  drops  be  formed  by  the  ions  which  pass  through  the  inter- 
mediate stages  between  ion  and  drop,  such  as  those  that  the 
Langevin  ions  were  supposed  to  represent.  Accordingly,  the  ex- 
istence of  the  Langevin  ions  w^as  initially  used  as  a  first-class 
argument  for  the  cluster  theory.  On  this  theory  the  normal 
cluster  ion  in  supersaturated  gases  was  supposed  to  grow  through 
the  two  classes  of  the  so-called  Langevin,  or  slow^  ions  and  to 
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finally  hcconic  a  regular  drop.  'J'his  has  since  been  shown  to  he 
wron^  hy  Pollock.'-  I'ollock  comes  to  the  conclusion  that  the 
Lang^evin  ions  consist  in  all  cases  of  solid  particles  of  minute  di- 
mensions surrounded  by  a  mantle  of  water  vapor  or  li(iuid  waiter 
and  carrying  an  electric  charge.  This  is  strikingly  borne  out  by 
the  fact  that  these  ions  never  develop  in  dust-free  air.  The 
charge  on  these  ions  assumes  only  a  secondary  role,  leading  to  the 
electrical  detection  of  the  particles,  and  was  probably  acquired  in 
a  manner  similar  to  that  by  which  the  oil  drops  of  Millikan  ac- 
quire their  charge.  Other  than  the  Langevin  ions,  no  inter- 
mediate ions  have  ever  been  detected.  It  is  therefore  evident 
that,  unless  the  existence  of  the  intermediate  ions  is  so  transient 
that  they  cannot  be  detected,  the  cluster  theory  leads  to  conclu- 
sions that  are  not  in  agreement  with  the  facts. 

The  difference  in  condensing  power  of  the  positive  and  the 
negative  ions  in  different  gases  needs  some  explanation.  The 
substances  exhibiting  these  properties  are  distinctly  electrically 
polar  in  nature.  If  a  droplet  of  one  of  these  substances  should 
pick  up  an  electric  charge,  one  would  expect  the  charge  to  go  to 
the  centre  of  the  droplet.  The  polar  elements  in  the  drop  would 
arrange  themselves  so  that  the  charged  parts  of  the  molecules  di- 
rected outwards  would  be  of  the  same  sign  as  the  charge  picked 
up.  It  is  to  be  expected  that  in  a  vapor  having  strong  electro- 
negative tendencies  {i.e.,  strong  tendencies  to  acquire  negative 
electrical  charges)  the  molecules  would  more  readily  attach  to  a 
surface  of  predominating  negative  sign  than  one  of  the  opposite 
sign.  Accordingly,  in  the  case  of  water  vapor,  it  is  not  surpris- 
ing that  the  droplets  should  grow  more  rapidly  if  they  have  nega- 
tive charges  than  if  they  have  positive  charges.  The  cloud  forma- 
tion then  takes  place  more  easily  on  the  negative  than  on  the 
positive  ions.  For  alcohol  vapor,  which  appears  to  be  less  nega- 
tive, the  reverse  seems  to  be  true.  This  suggestion  of  the  mechan- 
ism of  condensation  is  independent  of  the  theory  assumed.  It 
enables  one  to  avoid  explaining  the  action  as  due  to  a  difference 
of  dielectric  constant  of  the  vapor  molecules  for  charges  of  op- 
posite sign  by  substituting  for  this  the  assumption  that  the  action 
depends  on  the  electrical  nature  of  the  forces  of  association  (i.e., 
chemical  forces)  where  preferences  for  charges  of  different  sign 
are  known  to  exist. 
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5.   TciHpcralurc  CocfTicicnt  of  M  obi  lily. 

The  teiiiperaturc  coefficient  of  mobility  has  been  very  incom- 
pletely studied.  Phillips  ^"  and  also  Kovarick  ^*'  determined  the 
mobilities  of  the  ions  in  air  at  temperatures  ranging  from  84.5*^ 
to  698°  absolute  with  varying-  densities,  correcting  their  results 
to  reduce  them  to  constant  densities.  Above  300°  Abs.  there  was 
no  change  appreciable  with  temperature.  Below  that  temperature 
the  mobilities  seemed  to  decrease  somewhat  with  the  temperature, 
this  decrease  being  much  greater  in  the  results  of  Kovarick  than  of 
Phillips.  Erikson  ^^  reported  measurements  on  mobilities,  using 
a  method  which  allowed  the  density  to  be  kept  constant.  The 
latter  measurements  are  but  few  in  number  and  cover  tempera- 
tures between  80°  and  300°  absolute.  The  mobilities  were  found 
to  be  perfectly  constant  down  to  the  lowest  temperature,  where  a 
lowering  of  10  per  cent,  was  found.  Both  Phillips  and  Erikson 
reported  that  the  difference  in  the  mobilities  of  the  positive  and 
the  negative  ions  seemed  to  disappear  at  the  lower  temperatures. 
Kovarick  worked  only  on  negative  ions. 

The  cluster  theory  explains  the  independence  of  mobility  and 
temperature  as  due  to  the  fact  that  as  the  temperature  goes  down 
the  size  of  the  cluster  increases;  this  increase,  however,  is  bal- 
anced by  the  decrease  of  the  viscosity  of  the  gas  with  the  decrease 
in  temperature.  If  the  results  of  Kovarick  be  accepted  as  correct, 
the  increase  in  the  size  of  the  cluster  proceeds  more  rapidly  than 
the  decrease  of  viscosity  of  the  gas.  The  effect  is  contradicted  to 
a  large  extent  by  the  results  of  both  Erikson  and  Phillips,  so 
that  it  seems  questionable.  Sutherland,'''  using  methods  similar 
to  those  he  used  in  calculating  the  change  of  gaseous  viscosity 
with  temperature,  developed  a  mathematical  theory  of  the  varia- 
tion of  mobilities  with  temperature  based  on  the  small  ion  con- 
cept. This  theory  reproduced  the  variations  of  mobility  with 
temperature  observed  by  Phillips  with  remarkable  accuracy.  The 
Sutherland  '^  theory  of  the  small  ion  here  seems  to  have  a  dis- 
tinct advantage  over  the  cluster  theory,  inasmuch  as  it  can  actu- 
ally predict  the  behavior  of  the  ions  with  temperature  quanti- 
tatively. 

The  disappearance  of  the  difference  of  the  positive  and  nega- 
tive mobilities  at  the  lower  temperatures  may  be  accounted  for 
by  ascribing  the  difference  of  the  positive  and  negative  mobilities 
to  the  cause  already  assumed.    At  low  temperatures  the  increased 
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densities  of  the  gases  and  the  slower  heat  motions  of  the  mole- 
cules greatly  increase  the  probabilities  of  union  between  the  elec- 
trons and  molecules  to  form  negative  ions.  In  this  way  the  mo- 
bilities measured  for  the  negative  ions  will  approach  tJiose  of 
the  positive  ions.  This  explanation  is  independent  of  either 
theory. 

6.  Mobilities  at  High  Temperatures. 

The  mobilities  of  the  ions  at  the  higher  temperatures,  ranging 
from  450^  to  1900°  C,  have  chiefly  been  measured  in  flames. 
Since,  in  this  case,  chemical  reactions  play  such  tremendous  roles 
and  the  numbers  of  the  charged  particles  are  very  great,  the  re- 
sults become  very  complicated.  The  complexity  of  conditions 
further  has  resulted  in  seriously  conflicting  results  being  obtained 
by  the  dift'erent  observers.  It  therefore  seems  inadvisable  to 
attempt  to  judge  the  theories  on  the  basis  of  any  of  these  results. 

7.  Pressure  Coefficient  of  Mobility. 

The  mobility  has  been  found  to  vary  inversely  with  the  pres- 
sure in  air  over  a  very  large  range  of  pressure  extending  from 
100  atmospheres  down  to  i/io  atmosphere  for  the  negative  ions, 
and  down  to  i/iooo  atmosphere  for  the  positive  ions.^^'  ^"'  ^^'  ^'  ^ 
At  the  higher  end  of  the  pressure  range  the  mobilities  are  found 
to  decrease  slightly  less  rapidly  than  the  inverse  pressure  law 
would  lead  one  to  expect.  At  i  10  atmosphere  in  the  case  of  the 
negative  ions  all  obsers^ers  agree  in  concluding  that  the  mobility 
of  the  negative  ion  in  air  (other  gases  at  other  pressures)  ap- 
pears to  increase  abnormally  rapidly.-"*'  -^'  ^^  The  positive  ions 
have  been  observed  to  do  this  only  according  to  the  results  of  one 
observer,^^  which  have  been  called  into  question  by  the  more 
recent  and  careful  experiments  of  Wellisch.^  The  results  of 
Wellisch  showed  not  only  that  the  positive  ions  have  normal  mo- 
bilities down  to  the  lowest  pressures  ever  worked  with,  but  that 
the  abnormal  increase  in  the  mobilities  with  decreasing  pressure 
for  the  negative  ions  was  only  apparent.  His  results  showed 
that  in  his  mobility  measurements  there  were  large  numbers  of 
unattached  electrons  present,  at  all  pressures  below  ten  centimetres 
of  mercury,  that  reached  the  plate  of  his  measuring  apparatus. 
In  the  measurements  which  he  made,  however,  these  electrons 
did  not  completely  mask  the  point  where  the  normal  ions  began 
to  appear.     Besides  the  electrons,  whose  number  apparently  in- 
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creased  as  the  pressures  were  reduced,  Wellisch  found  that  there 
were  negative  ions  with  niobihties  regularly  inversely  propor- 
tional to  the  pressure  down  to  the  lowest  pressures  at  which  he 
could  njake  measurements.  In  the  analysis  of  the  methods  of 
making  mobility  determinations  it  was  shown  that  a  small  num- 
ber ni  electrons  that  did  not  unite  to  form  ions  before  reaching 
the  gauze  could  raise  the  apparent  values  of  the  negative  mo- 
bilities. As  pressures  are  decreased,  the  chance  of  an  electron 
uniting  with  a  molecule  is  decreased;  for  the  free  paths  of  the 
electrons  and  molecules  vary  inversely  with  the  pressure,  while 
the  dimensions  of  the  apparatus  are  sensibly  unchanged.  The 
number  of  electrons  passing  through  the  gauze  is  therefore  rapidly 
increased  as  the  pressure  decreases.  In  some  of  the  experiments 
of  Wellisch  at  the  low^er  pressures  nearly  as  many  as  50  per  cent, 
of  the  carriers  between  the  plate  and  gauze  were  electrons.  In 
measurements  where  the  electrons  are  not  detected  as  carriers  the 
effect  of  their  presence  must  have  altered  the  shapes  of  the  curves 
in  such  a  way  as  to  give  absolutely  fictitious  and  high  values  for 
the  mobilities.  Such  was  the  case  with  all  of  the  earlier  ob- 
servers at  low^  pressures  with  the  negative  ions.  The  mobilities 
of  the  ions  are  all,  therefore,  strictly  inversely  proportional  to 
pressures  up  to  100  atmospheres. 

Before  the  cause  of  the  abnormally  low  mobilities  of  the 
negative  ions  was  shown  by  the  work  of  Wellisch,  the  assump- 
tion of  the  labile  cluster  ion  which  began  to  shed  some  of  its 
molecules  at  pressures  of  about  10  cm.  of  Hg  in  air  was  essential. 
This  excuse  for  assuming  a  cluster  ion  is  now  obsolete.  The 
assumption  of  a  cluster  theory  is,  how^ever,  still  in  perfect  har- 
mony with  the  behavior  of  the  ions  as  regards  the  inverse  pres- 
sure law.  The  small  ion  theory  is  also  in  perfect  accord  with 
these  results,  since  the  abnormal  negative  mobilities  at  low  pres- 
sures have  been  explained.  The  abnormal  decrease  of  the  mobili- 
ties at  the  high  end  of  the  pressure  range  is  not  explained  on 
either  theory,  though  it  is  doubtless  a  real  phenomenon,  having 
been  observed  by  all  observers,  Dempster,-'  Kovarick,^^  and 
McLennan,-^  at  these  pressures. 

8.  Mobilities  and  the  Value  of  the  Ratio  X/p. 

A  crucial  test  which  should  enable  one  to  judge  between  the 
two  theories  lies  in  the  behavior  of  the  ions  when  subjected  to 
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very  high  velocities.  The  energy  acquired  by  an  ion  due  to  an 
electric  tield  depends  on  the  magnitude  of  the  field  acting  on  the 
ion  and  the  time  over  which  it  acts.  It  therefore  follows  that 
the  energy  will  be  the  greater,  the  greater  the  product  of  field 
strength  and  mean  free  path  of  the  ion  becomes.  It  will  be  more 
convenient  to  substitute  for  this  product  the  value  of  a  ratio 
X/p,  (which  is  proiX)rtional  to  it)  where  A'  is  the  field  strength 
in  volts  per  centimetre  and  p  is  the  pressure  in  millimetres  of 
mercury.  On  a  cluster  theory  it  would  be  expected  that  an  ion 
would  shed  some  of  its  attendant  cluster  of  molecules  before  it 
acquires  sutiicient  energy  to  ionize  other  molecules  by  impact;  i.e., 
before  the  conditions  for  initiation  of  ionization  by  collision  set 
in.  Such  a  shedding  would  result  in  an  abnormally  rapid  in- 
crease of  the  mobility  with  an  increase  in  the  value  of  the  ratio 
X/p.  The  small  ion  theory  would  not  predict  such  a  result,  the 
mobility  remaining  essentially  normal. 

The  apparent  abnormally  rapid  increase  of  the  mobilities  of 
the  negative  ions  as  the  pressure  was  reduced  was  formerly  as- 
cribed to  the  above  type  of  shattering  of  the  cluster.  Town- 
send  ^^  fixes  the  value  of  X/p  for  the  shattering  of  the  negative 
cluster  at  about  0.2  or  less.  However,  in  light  of  the  experi- 
ments of  A\'ellisch,  this  explanation  of  the  negative  mobilities  at 
low  pressures  is  now  no  longer  valid. 

Up  to  191 5  no  determinations  of  mobilities  at  high  values  of 
X/p  had  been  made  at  higher  pressures  except  those  resulting 
from  the  study  of  the  discharge  of  points.  Chattock  ^^  and  Tyn- 
dall  ^^  found  normal  mobilities  of  the  ions  in  fields  up  to  strength 
of  3000  volts  per  centimetre;  i.e.,  values  of  X/p  =  \.  Later 
measurements  by  Tyndall  ^^  indicated  a  possibility  of  abnormal 
increases  of  mobilities  with  increasing  ionic  currents.  In  a  letter 
to  the  writer,  Professor  Tyndall  states  that  he  now  "  has  reason 
to  doubt  the  accuracy  of  those  results  "  so  far  as  this  effect  was 
concerned.  Franck  ^^  and  also  Moore, ^^  in  fields  of  about  10,000 
volts  per  centimetre,  apparently  obtained  abnormal  mobilities  for 
both  ions.  They  were  w^orking  near  the  threshold  of  glow  dis- 
charge w^here  the  uniformity  of  their  fields  as  well  as  the  value 
of  their  field  strengths  are  to  be  questioned.  In  19 16  the  writer,^ 
using  a  modification  of  the  Rutherford  alternating-current 
method  for  determining  mobilities  and  using  high-frequency 
oscillations  of  the  Chaffee  arc,  determined  the  mobilities  of  the 
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iuiis  ill  dry  air  al  iiclds  as  high  as  12,000  voUs  per  centimetre;  i.e., 
X/p=i8.  He  found  only  normal  values  of  the  mobilities,  the 
negative  ions  in  no  case  showing  a  tendency  to  increase  relatively 
to  those  of  the  positive  ions.  Ratner,-*''  in  a  still  later  paper,  finds 
perfectly  normal  mobilities  of  the  positive  ions  up  to  the  point  of 
the  glow  discharge,  using  a  modification  of  the  Chattock  and  Tyn- 
dall'^^*'^^  method.  The  negative  ion  in  his  results  appears  to  acquire 
abnormally  high  mobilities  in  fields  of  1800  (volt  per  cm.)  in 
air  at  atmospheric  pressure ;  i.e.,  X/p  =  2.4.  He  also  detects 
large  numbers  of  electrons  acting  as  carriers  by  this  method.  The 
method  used  consists  in  accelerating  ions  generated  by  a  radio- 
active substance  or  an  incandescent  wire  by  means  of  an  electric 
field,  and  measuring  the  wind-pressure  produced.  This  pressure 
is  measured  by  the  deflection  of  a  light  vane  which  can  give  only 
the  relative  values  of  the  pressures,  but  not  absolute  values.  In 
order  to  calibrate  the  vane  to  give  the  absolute  values  of  the  pres- 
sures, mobility  measurements  were  made  on  ions  in  normal  fields, 
where  they  are  known,  and  the  pressures  computed  from  these 
results.  In  the  case  of  the  negative  ions,  Ratner's  method  en- 
counters difiiculties  through  the  fact  that  the  measurements  are 
made  on  very  freshly  generated  carriers,  among  which,  according 
to  him,  are  appreciable  numbers  of  unattached  electrons.  The 
method  which  he  uses  assumes  that  if  the  ions  move  with  uniform 
velocities  the  pressure  due  to  the  drag  of  the  ions  on  the  gas  mole- 
cules is  equal  to  drX,  where  d  is  the  distance  between  the  plates, 
r  is  the  density  of  electrification  of  one  sign,  and  X  is  the  field 
strength.  Since  the  electrons  combine  to  form  the  ions  all  along 
their  paths  through  the  field,  the  condition  of  uniform  velocity 
is  not  fulfilled.  As  a  result  of  such  an  action,  it  is  not  surprising 
that  Ratner  obtained  abnormally  high  mobilities  for  the  negative 
ions.  Chattock  and  Tyndall  got  no  such  effect  at  nearly  twice  the 
values  of  X/p  which  he  used  on  the  negative  ions,  though  they 
used  essentially  the  same  method.  In  their  case  the  carriers  were 
generated  by  the  point  discharge.  It  is  quite  possible  that  such 
carriers  are,  at  the  lower  field  strengths  in  point  discharge,  gen- 
erated as  ions  directly,  and  that  consequently  there  were  but  few 
electrons  present  in  the  determinations. 

The  conclusion  to  be  drawn  is  that  the  ions  show  no  tendency 
to  take  on  abnormal  values  of  the  mobilities  for  any  values  of  the 
ratio  of  X/p  up  to  the  point  where  ionization  by  impact  begins. 
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These  results  speak  iiniiiislakahly  aj^ainst  the  hil)ile  ckister  theory. 
r\n"lhcrinc)ro,  if  an  apparent  breaking  up  of  a  negative  cluster 
did  apjK^ar,  as  is  assumed  by  Ratner,  the  cluster  theory  would 
encounter  considerable  dift'iculty  in  explaining  why  it  is  that  the 
positive  cluster  is  so  many  times  more  stable  than  the  negative 
cluster. 

9.  Free  Electrons. 

It  was  early  noticed  by  Franck  and  Pohl  ^'  "*  that  the  negative 
carriers  in  very  pure  samples  of  He,  Ar,'and  X.  had  remark- 
ably high  mobilities.  These  were  correctly  explained  on  the  as- 
sumption that  negative  carriers  in  the  gases  were  in  part  free 
electrons.  Recently  Haines  ^  and  also  Wellisch  ^  have  shown 
that  a  small  fraction  of  the  carriers  in  hydrogen  and  air  are  also 
of  this  nature.  In  air  the  number  is  too  small  to  detect  at  ordi- 
nary pressures,  but  they  become  appreciable  at  about  10  cm.,  ac- 
cording to  \\'ellisch.  The  presence  of  electrons  as  negative 
carriers,  as  well  as  normal  negative  ions  in  most  of  the  common 
gases,  may  be  explained  in  two  ways.  Wellisch  ^'  ^^  assumes  that 
the  electrons  exist  permanently  in  those  gases  as  carriers.  The  per- 
centage of  carriers  of  this  type  that  exist  in  a  gas  depends  on  the 
pressure  and  the  nature  of  the  gas.  To  explain  this  fact,  Wellisch 
assumes  that  in  order  for  an  electron  to  form  an  ion  by  union  with 
a  neutral  molecule  the  electron  requires  a  certain  threshold  value 
of  kinetic  energy.  This  the  electron  acquires  at  the  instant  of 
ionization  from  the  ionizing  source;  e.g.,  X-rays,  or  alpha  par- 
ticles. The  expulsion  of  the  electron  leaves  the  parent  molecules 
with  a  residual  positive  charge.  As  the  electron  recedes  from 
the  molecule,  some  of  its  kinetic  energy  is  converted  into  poten- 
tial energy  of  separation.  This  conversion  of  the  energy  might 
become  sufficient  to  lower  the  kinetic  energy  of  the  electron  below 
the  threshold  value  for  ion  formation.  This  would  be  more 
likely  to  occur,  the  smaller  the  initial  energy  of  liberation  of  the 
electron  the  longer  the  mean  free  path,  and  the  higher  the  value  of 
the  kinetic  energ}^  required.  The  latter  would  depend  on  the 
electrochemical  nature  of  the  gas.  Therefore,  the  electrons  which 
recede  too  far  from  the  parent  molecules  before  encountering 
neutral  molecules  will  be  unable  to  form  ions  and  will  be  the 
free  electrons  of  Wellisch.  This  theory,  though  very  pretty,  is 
open  to  one  objection.     The   experimental  curves   obtained  by 
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both  \\'clli>cli  and  Katncr  indicate  that  union  between  electrons 
and  molecules  takes  place  all  alonj;  the  space  between  the  plates; 
i.e.,  apparently  intermediate  ions  of  all  mobilities  between  elec- 
trons and  ions  are  present.  ( )n  the  above  view  of  Wellisch  the 
curves  should  appear  as  if  they  were  composed  entirely  of  tv^o 
groups  of  carriers  present  in  very  definite  ratios  from  the  start, 
which  is  obviously  not  the  case.  The  theory  of  Wellisch  is 
further  open  to  test,  for  with  different  ionizing  agents  the  elec- 
trons should  receive  different  amounts  of  energy  at  the  start. 
As  a  result  the  pressures  at  wdiich  the  free  electrons  just  begin 
to  appear  in  a  given  gas  should  depend  to  some  extent  on  the 
ionizing  source. 

J.  J.  Thomson  '^^  recently  attempted  to  explain  the  existence 
of  the  electronic  carriers  as  follows :  He  assumed  that  an  electron 
and  a  molecule  did  not  necessarily  form  an  ion  on  every  encounter, 
an  assumption  which  seems  plausible,  as  it  might  be  expected  that 
it  would  be  necessar}^  for  an  electron  to  strike  certain  definite 
localities  in  a  molecule  before  it  could  be  incorporated  in  the 
form  of  an  ion.  He  further  assumed  that  the  chance  that  a 
single  collision  between  the  two  would  result  in  ion  formation 
was  i/n,  where  n  is  a  number  (possibly  very  large)  characteristic 
of  the  gas  only.  On  the  basis  of  these  assumptions  he  mathe- 
matically deduces  the  consequences  which  w^ould  be  expected  if 
the  mobility  of  the  ions  could  be  measured  ideally  by  a  simplified 
method.  In  practice,  if  n  were  great  or  the  mean  free  path  were 
long  (i.e.,  pressure  low^,  it  would  be  expected  that  the  electrons 
might  traverse  several -centimetres  in  the  gas  without  union  to 
form  ions.  This  is  the  more  likely  as  the  mean  free  path  of  the 
electron  is  supposed  to  be  quite  long.  The  mobilities  of  negative 
ions  determined  in  a  gas  of  electropositive  properties  (e.g.,  where 
n  is  large  and  at  low  pressures)  would  then  apparently  be  ab- 
normally high,  as  previously  explained,  while  considerable  num- 
bers of  free  electrons  would  be  detected  between  the  plates. 

Haines  reported  in  the  papers  in  which  he  show^s  the  existence 
of  the  electronic  carriers  in  hydrogen  that,  besides  these  and  the 
normal  negative  ions,  he  finds  evidences  of  groups  of  ions  of 
intermediate  mobilities.  These  he  at  once  ascribes  to  clusters  of 
different  compositions.  The  curves  which  give  this  evidence  show 
marked  bends  at  potentials  low^er  than  those  required  to  detect 
the  normal  neoative  ions,  an  effect  that  is  totally  absent  in  the 
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curves  oi  W'cllisch  and  of  Ratncr.  The  positive  ions  appear  to 
behave  perfectly  normally.  The  writer  feels  inclined  to  seek  for 
the  cause  of  these  results  in  peculiarities  of  the  method  of  deter- 
mination, in  view  of  the  contradictions  above  mentioned.*  In  his 
determinations  Haines  used  a  distance  between  the  plate  and  the 
gauze  in  the  Rutherford  alternating-current  method  varying  from 
four  to  ten  centimetres.  The  plates  and  gauze  are  closely  sur- 
rounded by  the  glass  insulating  walls  of  the  measuring  chamber 
used.  These  glass  walls,  from  the  writer's  own  experience,  may 
become  highly  statically  charged  through  the  diffusion  of  the  ions 
to  them.  In  the  case  of  the  negative  ions,  where  numbers  of 
rapidly  moving  free  electrons  are  able  to  migrate  to  these  walls, 
this  effect  could  become  appreciable.  Further,  in  Haines's  earlier 
experiments  a  stream  of  gas  was  constantly  passing  through  his 
gauze.  These  three  factors  would  all  tend  to  distort  the  field 
between  the  plate  and  the  gauze,  making  it  far  from  uniform,  and 
it  is  possible  that  this  lack  of  uniformity  of  the  field  caused  the 
distortion  of  the  curves  reported.  In  this  connection  it  might 
be  pointed  out  that  Todd  -^  in  his  mobility  measurements  used 
plate  distances  of  ten  centimetres.  He  was  later  forced  to  repeat 
his  experiments,  using  a  series  of  annular  disks  connected  to  a 
potentiometer  in  his  field  in  order  to  keep  his  field  uniform.  This 
proceeding  considerably  modified  his  later  results. 

From  the  foregoing  it  seems  that  the  explanation  offered  by 
J.  J.  Thomson  of  the  existence  of  the  electron  as  a  carrier  in  the 
mobility  determinations  is  the  best  adapted  for  use,  particularly 
as  it  leads  to  considerations  that  are  included  in  the  discussion  of 
the  methods  of  mobility  measurement.  W'ith  this  view  of  the 
existence  of  the  free  electrons,  it  seems  wrong  to  assume  that  a 
comparatively  stable  cluster  of  neutral  molecules  surrounding  a 
negative  electron  could  exist  in  the  gases  where  the  electron  shows 
so  much  reluctance  at  uniting  with  a  single  molecule.  The  com- 
paratively weak  forces  appearing  to  exist  between  free  electrons 
and  molecules  speak  more  in  favor  of  a  small  ion  theory.  It  must 
consequently  be  concluded  that  in  this  case  the  small  ion  theory 
again  has  a  distinct  advantage  over  the  cluster  theory. 

*  Recently  Mr.  K.  L.  Yen,  at  the  University  of  Chicago,  has  made  some 
determinations  of  the  mobiUty  of  the  negative  ions  in  a  number  of  gases,  in 
which,  though  both  normal  negative  ions  and  free  electrons  \vere  found,  no 
traces  of  intermediate  negative  ions  could  be  noticed.  The  results  will,  I 
believe,  be  published  shortly. 
Vol.  184.  Xo.  1104 — 55 
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lo.   Conclusion. 

\n  reviewing"  the  preceding  considerations  one  is  forced  to  con- 
clude that  the  concept  of  a  labile  chister  ion  is  not  well  adapted  to 
explain  the  properties  of  the  gas  ions,  since  it  encounters  serious 
difliculties  in  explaining  ( i )  the  independence  of  the  mobilities 
and  the  value  of  the  ratio  X/p,  (2)  the  reluctance  of  electrons 
to  unite  to  form  ions  with  ordinary  molecules,  and  (3)  the 
absence  of  intermediate  types  of  ions  to  be  expected  from  the 
growth  of  an  ion  to  a  drop  in  the  condensation  experiments.  In 
most  other  respects  the  explanations  furnished  by  the  labile  clus- 
ter theory  seem  entirely  adequate  to  account  for  the  phenomena, 
so  far  as  one  is  able  to  judge  from  the  meagre  experimental  data 
available.  With  the  exclusion  of  the  labile  cluster  theory  it  is 
still  possible  to  explain  the  initial  five-fold  lowering  of  the  mobil- 
ity coefficients  by  assuming  the  formation  of  a  very  stable  cluster 
ion.  This  must  be  an  extremely  stable  cluster  that  is  capable  of 
withstanding  the  action  of  fields  with  high  values  of  X/p,  and 
w^hich  must  depend  for  its  other  properties  on  actions  similar  to 
those  assumed  for  the  small  ions.  Unfortunately  the  second 
objection  urged  against  the  labile  cluster  theory  becomes  a  still 
more  serious  objection  to  this  theory. 

One  is  accordingly  forced  to  turn  to  the  small  ion  theory  in 
some  form  or  other,  as  this  apparently  has  no  serious  contradic- 
tions in  the  light  of  foregoing  analysis.  Some  nine  or  ten  mathe- 
matical theories,  giving  as  many  different  equations  showing  the 
relationship  between  the  mobilities  of  the  ions  and  the  various 
molecular  constants,  have  been  proposed  by  Riecke,^'  Lange- 
vin,^-^'  43  Lenard,^^  Thomson,^^  Reinganum,*^  Sutherland,"^  Wel- 
lisch,^  Przibram,^^  and  Kleemann.^-  These  theories  have  been 
deduced  starting  from  various  assumptions  based  on  kinetic  theory 
of  gases.  All  of  these  theories,  with  the  exception  of  that  of 
Wellisch,  provided  one  excludes  those  containing  indeterminate 
constants,  lead  to  equations  which,  w^hen  evaluated  in  terms  of 
the  molecular  constants,  yield  values  of  the  mobilities  from  five 
to  ten  times  too  high.  These  defects  of  the  theory  are  at  once 
ascribed  to  the  existence  of  a  cluster  whose  existence  had  been 
ignored  in  setting  up  the  equations  by  the  men  who  incline  to  the 
cluster  theory.  In  the  case  of  the  advocates  of  a  small  ion  theory 
the  discrepancy  betw^een  the  mobilities  expected  from  the  theory 
and  the  actual  observed  mobilities  is  ascribed  to  an  Increased  drag- 
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produced  on  the  ions  by  the  action  of  their  charge  on  the  neutral 
niolecides,  a  factor  which  had  been  omitted  in  ihc  initial  deduc- 
tion. In  either  case,  in  order  to  make  the  theories  yield  correct 
results,  an  arbitrary  numerical  factor  is  introduced  into  the 
equation,  so  that  the  mobilities  obtained  from  it  are  of  the  correct 
order  of  magnitude. 

The  small  ion  theory  of  Wellisch  ''  is  the  only  one  which  starts 
from  accepted  theoretical  considerations,  and  without  resort  to 
any  arbitrary  numerical  factors  yields  correct  values  for  the 
mobilities.  The  theory,  unfortunately,  has  one  serious  defect. 
A  term  R={K  -  i)c^/8'rr  tis^  is  introduced  into  the  equation, 
as  well  as  into  most  of  the  cluster  theory  equations  above  men- 
tioned, which  is  supposed  to  be  related  to  the  apparent  increase 
in  size  of  the  ion  due  to  its  charge.  R  is  the  potential  of  the  ion 
of  charge  c  on  a  neutral  molecule  of  dielectric  constant  K  (if 
such  a  term  may  be  used)  at  a  distance  s.  K  is  taken  as  the 
value  of  the  dielectric  constant  of  the  gas  in  bulk.  The  use  of  this 
factor  i^  in  a  small  ion  theory  is  not  correct.  To  the  writer's 
mind  it  seems  equally  questionable  whether  it  is  legitimate  to  use 
it  in  any  ion  theory,  for  the  reasons  which  follow : 

1.  An  atom  is  now  pictured  as  a  rather  diffuse  system  of 
electrons  surrounding  a  highly  charged  minute  positive  nucleus. 
If  a  single  unit  charge  concentrated  in  an  electron  be  placed 
within  a  distance  comparable  to  the  diameter  of  such  a  neutral 
atom  or  molecule,  it  seems  absurd  to  assume  the  potential  energy 
of  this  system  would  be  the  same  as  that  for  a  mass  of  many 
molecules  in  bulk.  It  is  consequently  very  questionable  whether 
it  is  proper  under  any  such  circumstances  to  use  this  equation 
at  all. 

2.  This  law,  furthermore,  leads  to  the  formation  of  a  very 
stable  cluster  ion  in  air  if  the  proper  values  are  introduced  for 
the  various  quantities.  This  may  be  seen  from  the  computations 
below,  where  it  becomes  evident  that  a  temperature  of  1190° 
absolute,  or  a  field  of  over  16,080  volts  per  centimetre  at  760 
centimetres  Hg  pressure,  is  required  to  cause  this  ion  to  begin 
to  disintegrate,  assuming  a  mean  free  path  of  the  ions  equal  to 
that  for  normal  gas  molecules.  This  ion  cluster,  at  least  to  within 
a  molecular  diameter  beyond  that  of  the  central  molecule,  would 
therefore  have  a  stability  exceeding  that  of  some  chemical  com- 
pounds.   A  term  such  as  R  introduced  into  the  small  ion  theory  of 
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Wcllisch  wouUl  make  it  meaningless,  for  the  term  leads  inevitably 
to  a  cluster  formation. 

For  a  cluster  in  which  the  factor  7v'  appears : 

^r-F  ^^  o°and  760  mm.  Ilg  pressure  of  air,  is, 

R      ^   {K     \)e  {K-i)e^  (.00058) (4.8  X  io->o)2 _ 

k.E.       4T;iwfV  127tPs*    ~     12  X3  IX  i.oi  Xio«  (3X10-8)4    "'^^T 

A'.  E.   is  kinetic  energy   of   surrounding  gas   molecules. 
P  =  atmospheric  pressure  in  dynes. 

i.e.,  potential  energy  of  cluster  is  greater  than  the  kinetic  energy 
of  the  surrounding  gas  molecules.     The  ion  is  therefore  stable. 

The  temperature  for  which  ^  j^.  equals  unity,  i.e.,  the  break- 
up temperature  of  the  ions,  is  4.37  x  273°  =  1190°  Absolute. 

The  value  of  the  electric  field  (X)  necessary  to  shatter  the 
ions  if  the  mean  free  path  is  9.95  x  lO"^  centimetres  is 

R      _     _     R      _    R    _   {K  —  i)g'^     where  >-  =  mean  free  path  of 
K^.  ~  ^  ~  yzrnv^'  Z^.  ~  S-Xfi'Ae^  molecules  of  air. 

X=  ^C^HJO    =    5.8  X  io-^X4-8X  io-^° 

8^ns*>^  8  X  3-1  X  2.6  XiQi^  X9-9  X  io-«(3  Xio-8)< 

=  16,080  volts  per  cm. 

or  a  value  of  ^^/'p  =  21.2,  i.e.,  assuming  A  for  gas  ions  to  be  the 
same  as  that  of  molecules. 

The  one  small  ion  theory  that  is  free  from  such  an  assumption 
is  that  of  Sutherland.  This  theory,  however,  is  one  of  those 
which  is  forced  to  include  an  arbitrary  constant  in  order  to  make 
it  yield  the  true  mobilities  of  the  ions.  It  is  the  theory  which 
successfully  yields  the'  variation  of  mobility  with  temperature 
found  by  Phillips.  The  theory  also  predicts  the  Kaufmann  law 
between  mobilities  and  the  molecular  weights  of  the  gas  in  which 
the  ion  moves.  As  this  theory  is  a  small  ion  theory,  as  no  serious 
objections  may  be  raised  against  it,  as  it  appears  to  predict  some 
of  the  more  fundamental  laws  of  ionic  behavior  quite  well,  and, 
finally,  as  it  is  well  adapted  to  expansion  as  the  knowledge  of  the 
structure  of  molecules  advances,  it  seems  to  the  writer  to  be  the 
most  successful  ion  theory  yet  proposed. 

In  conclusion  the  writer  desires  to  express  his  sincere  thanks 
to  Prof.  R.  A.  Millikan  for  his  valuable  criticism  of  this  paper 
and  his  kind  interest  in  it.  The  writer's  thanks  are  also  due  to 
Dr.  N.  E.  Dorsev  for  his  kind  advice.     The  writer  desires  to 
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acknow  lo(l<^e  his  iiulchtcdiicss  to  the  excellent  review  of  the  field 
of  niohihty  measurements  and  bibliography  on  mobilities  of  the 
ions  prior  to  1912  included  in  a  paper  by  Franck/^  entitled 
''  Bericbt  libcM-  loncnbcwoijliolikeit." 

National  Bureau  of  Standards, 
WasliiiiKton.  D.  C. 
June  12,  191 7. 
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Electrolytic  Pickling  Process  and  Its  Effect  on  the  Physical 
Properties  of  Iron  and  Steel.  J.  Coulson.  {Proceedings  of  the 
American  Electrochemical  Society,  October  3-6,  1917.) — Brittleness 
of  steel  springs  resulting  from  acid  pickling  and  electroplating  is  a 
well-known  phenomenon.  Tempered  springs  which  are  pickled  even 
for  a  few  seconds  in  an  acid  bath  snap  when  subjected  to  strain. 
Such  springs,  however,  can  be  electrolytically  pickled  without  destroy- 
ing their  resiliency.  It  is  known  that  metals  absorb  gases  and  that 
the  amount  absorbed  depends  upon  the  nature  of  the  gas,  the  con- 
dition and  character  of  the  metal,  and  the  surrounding  medium. 
These  absorbed  gases  appear  to  have  an  important  influence  on  the 
behavior  of  iron,  steel,  and  certain  alloys.  Electrolytic  iron  is 
extremely  brittle,  due  principally  to  occluded  hydrogen,  and  there 
appears  no  doubt  that  the  brittleness  of  steel  springs  after  pickling 
is  caused  by  the  absorption  of  hydrogen  during  the  ordinary  pickling 
process.  The  effect  is  still  more  pronounced  if  the  springs  are  made 
the  cathode  in  an  acidulated  electrolyte. 

To  determine  the  embrittling  effect  of  adsorbed  hydrogen  upon 
steel  pickled  in  different  ways,  samples  of  steel  wire  were  pickled 
chemically  by  simple  dipping  in  acid,  also  by  electrolytic  pickling, 
using  them  as  cathodes  or  as  anodes.  Oscillation  tests  on  the  original 
wires,  sand  blasted,  and  three  sets  treated  as  described,  showed  the 
chemically  cleaned  and  the  cathodically  cleaned  to  be  very  brittle, 
while  the  anodically  cleaned  had  the  strength  of  the  original  samples. 
Similar  tests  were  aso  made  with  drill-rod  steel,  hot-rolled  Bessemer, 
and  cold  rolled  steel,  after  which  mechanical  tests  were  made  as  to 
strength,  elongation,  and  reduction  of  area.  The  chemically  and 
cathodically  cleaned  specimens  again  showed  greater  brittleness, 
which  was  most  marked  with  the  high-carbon  steels  and  less  marked 
with  the  soft  steel. 


PHYSICS  OF  THE  AIR/ 
W.  J.  HUMPHREYS. 

Professor  of  Meteorological  Physics,  United  States  Weather  Bureau. 

Chapter  \'III  {Continued). 

Automatic  Adjustment  of  Jllnds  in  Direction  and  Velocity. — 
In  discussing  the  more  extensive  winds  it  is  convenient  to  con- 
sider the  earth  as  stationary  and  the  air  as  moving  over  it  without 
friction  under  the  influence  of  three  distinct  horizontal  forces: 
(i)The  deflective  force,  due  to  the  earth's  rotation;  (2)  the 
horizontal  component  of  the  centrifugal  force,  due  to  the  curva- 
ture of  the  path,  and  (3)  the  horizontal  or  gradient  pressure,  dut 
to  gravity.    The  first  two  are  at  right  angles  to  the  course  of  the 

Fig.  39. 


p  CQSO  -^C 


Deflection   and  path  of  \s-inds  in  frictionless  flow  under  a  force  of  constant  magnitude  and 

constant  geographic  direction. 

wind  and  therefore  help  to  control  its  direction,  but  do  not  alter 
its  speed.  The  latter,  however — that  is,  the  gradient  pressure — 
affects  both  the  direction  and  the  speed.  Furthermore,  as  the 
velocity  depends  upon  the  horizontal  pressure  alone,  and  as  the 
other  forces  depend  in  turn  upon  the  velocity,  and  are  zero  when 
it  is  zero,  it  follows  that  of  the  three  forces  only  the  gradient 
pressure  is  independently  variable. 

Consider,  then,  the  result  of  applying  a  horizontal  pressure  p 
of  constant  magnitude  and  constant  geographic  direction  to  a 
small  mass  m  of  air,  free,  as  above  assumed,  from  friction :  Let 
m^  Fig-  39,  be  the  mass  in  question  initially  at  rest  w^ith  reference 
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to  the  surface  of  the  earth,  and  let  it  be  acted  on  by  the  force  p, 
exactly  poleward,  say.  Immediately  the  mass  moves,  under  the 
applied  pressure  p,  the  deflective  force  d  becomes  operative,  thus 
curving  the  path  (to  the  right  in  the  northern  hemisphere,  to  the 
left  in  the  southern)  and  introducing  the  centrifugal  force  c.  So 
long,  hov^'ever,  as  the  angle  between  the  path  and  the  force  p  is 
less  than  90  degrees  there  will  still  Ije  a  component  of  the  latter  in 
the  line  of  motion ;  accordingly  the  speed  of  vi  will  continue  to  in- 
crease, and  therefore  also  the  deflective  force  d.  If  this  angle 
should  exceed  90  degrees,  the  force  p  would  have  a  component 

Fig.  40. 


Path  of  winds  in  frictionless  flow  under  a  converging  force. 

Opposite  to  the  direction  of  motion,  which  consequently  would  be 
slowed  up  and  d  thereby  correspondingly  decreased.  In  the  end, 
therefore,  a  poleward  force  along  the  meridians  on  an  object  free 
to  move  gives  it  an  exactly  west  to  east  velocity  of  such  magni- 
tude that,  except  in  very  high  latitudes,  the  resulting  deflective 
force  is  nearly  equal  to  the  horizontal  pressure — the  horizontal 
component  of  the  centrifugal  force  being  then  comparatively 
small,  except  near  the  poles.  \\^hatever  the  direction  of  the 
gradient  force,  whether  poleward,  as  above  assumed,  or  any  other, 
the  final  motion  is  normal  thereto. 
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A  chaiii^e  in  the  niaLiiiiliulc  but  noi  in  the  direction  of  />,  above, 
would  only  shift  the  latitude  (^f  the  path  and  change  the  velocity 
so  as  to  l)c  nearly  proportional  to  p. 

If  the  horizontal  pressure  is  not  everywhere  in  the  same  direc- 
tion, but  converges,  as  in  Fig.  40,  or  diverges,  as  in  Fig.  41, 
the  path,  in  adjusting  itself  normally  to  the  directions  of  this 
pressure,  obviously  curves,  as  in  cyclonic  and  anticyclonic  regions, 
respectively. 

In  all  cases,  then,  the  wind  automatically  follows  approxi- 

FiG.  41. 


Path  of  winds  in  frictionless  flow  under  a  diverging  force. 

mately  the  isobar  of  its  position,  with  substantially  the  gradient 
velocity. 

General  Relatioiis  of  Wind  to  Elevation. — Knowledge  of  the 
directions  and  velocities  of  the  winds  of  the  earth  is  still  frag- 
mentary and  incomplete.  Over  large  areas  even  the  surface  winds 
are  unknown,  and  over  regions  best  studied  these  alone  are  well 
known.  The  continuous  records  obtained  at  mountain  stations 
have  given  much  information  in  regard  to  air  movements,  but 
stations  of  this  nature  are  comparatively  few,  and,  besides,  their 
data,  however  valuable,  are  always  affected  to  an  unknown  extent 
by  local  topography.     Cloud  observations  have  also  given  a  large 
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aiiKHint  of  valuable  inforinatiuii,  but  it,  too,  is  only  Iragnicntary. 
At  best  a  cloud  observation  seldom  f^ives  more  than  the  direction 
and  velocity  of  the  air  at  one  level,  nor  does  such  an  observation 
ever  apply  to  the  stratosphere,  since  this  region  is  never  visited 
by  clouds.  In  many  respects  kites  and  sounding  balloons  have 
furnished  the  most  valuable  data  in  regard  to  the  movements  of 
the  upper  air  and  their  causes,  but,  unfortunately,  aerological 
investigations  of  this  nature,  with  relatively  few  exceptions,  have 
been  restricted  to  the  northern  hemisphere,  and  even  there  mainly 
to  the  summer  season.  Nevertheless,  by  combining  the  data 
gathered  from  these  various  sources  a  number  of  tentative  con- 
clusions, subject,  of  course,  to  modification,  have  already  been 
reached  in  regard  to  the  winds  of  different  parts  of  the  world 
from  the  surface  up  to  great  elevations.  Some  of  the  more 
important  of  these  conclusions  are: 

1.  That  there  is  no  continuous  and  rapid  overflow 
of  the  atmosphere  at  all  longitudes  from  the  equatorial 
to  the  polar  regions.  At  an  elevation  of  lo  kilometres, 
for  instance,  the  wind  of  middle  northern  latitudes 
seems  to  have  southerly  components  about  as  often  as 
northerly. 

From  this  it  follows  that  the  equator-polar  circulation  is 
irregular  and  probably  complex  even  at  the  higher  altitudes. 

2.  That  the  equatorial  winds  are  not  always  and  at 
all  levels  from  the  east ;  that,  on  the  contrary,  west  winds 
occur  (how  regularly  is  uncertain)  at  elevations  of  about 
1 8  to  20  kilometres,  with  east  winds  again  prevailing 
(certainly  at  times)  at  still  greater  elevations. 

The  cause  of  this  layer  of  equatorial  west  wind  has  never 
been  explained.  Indeed,  it  may  be  only  a  local  and  temporary 
phenomenon. 

3.  That  layers  of  air  in  which  the  temperature  in- 
creases with  increase  of  elevation,  and  others  in  which 
the  temperature  is  constant,  exist  at  different  levels,  espe- 
cially through  the  first  two  or  three  kilometres.  This 
stratified  condition  of  the  lower  atmosphere  appears  to 
be  universal.  It  is  found  even  over  tropical  oceans,  and 
is  exceedingly  well  developed  over  the  ice  plateau  of 
Antarctica. 
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l^aoh  hncr  nsiially  sliows  such  (lilYcrcnl  huniidily  and  such 
(lilTcrcnt  wind  xolocitx  from  tliosc  of  the  adjacent  layers  as  to 
indicate  a  dislinci  origin,  which  it  well  nia\  have.  As  explained, 
for  c\ani])lc.  in  an  earlier  section,  a  rising  convection  current  on 
reaching;  its  eijuilihriuni  level  llows  away  suhstantially  at  that 
particular  elevation,  and  ohviously  retains  its  own  humidity  (  pro- 
vided condensation  has  not  taken  place),  dust  content,  and  other 
peculiarities.  Its  viscosity  is  not  the  same  as  that  of  the  adjacent 
air,  because  its  humidity  or  temperature,  or  both,  are  different. 
Hence,  as  shown  by  billow  clouds,  any  such  layer  with  a  distinctly 
independent  velocity  tends  to  retain  its  integrity  and  to  glide  over 
another  from  which  it  differs  physically  without  rapid  interming- 
ling. And  there  are  still  other  obvious  causes  of  temperature  and 
humidity  irregularities  and  consequent  stratification  of  the  atmos- 
phere, such  as  reflection  from,  and  evaporation  of,  clouds,  surface 
cooling,  and  air  drainage.  Clearly,  then,  one  should  expect  to 
find  in  the  lower  atmosphere  substantially  the  kind  and  amount  of 
temperature  inversions  and  other  irregularities  that  it  actually 
shows. 

4.  That  the  upper  winds  are  exceedingly  variable 
along  the  edges  of  the  high-pressure  l>elts,  and  that 
marked  disturbances  occur  in  the  antitrades. 

5.  That  the  north-poleward  pressure  gradient  in  the 
upper  atmosphere  becomes  very  small  long  before  the 
arctic  circle  is  reached — in  fact,  between  50^  and  60^  X. 

6.  That  in  high  northern  latitudes,  where  the  pole- 
ward pressure  gradient  of  the  upper  atmosphere  is  small, 
the  westerly  winds  are  not  constant. 

Local  Wind  Velocity  and  Elevation. — Everyone  knows  that 
the  wand  increases  with  increase  of  elevation.  Even  casual  ob- 
servations of  such  objects  as  sails  of  ships,  tops  of  trees,  columns 
of  smoke,  or  isolated  clouds  suffice  to  show  qualitatively  that 
wind  velocity  increases  with  height  above  the  surface ;  while 
measurements  made  by  triangulation  on  freely  drifting  clouds 
and  balloons,  or  by  anemometry  on  tethered  kites,  fully  support 
the  conclusions  reached  by  the  simpler  methods  just  mentioned. 
Near  the  surface  of  the  earth — up  to  from  2  to  8  metres  over 
an  open  plain — the  condition  of  the  wind,  upon  whose  force  this 
limit  depends,  may  be  summarized  as  follows : 
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Actual  velocity :    exceedingly  irregular. 

Average  velocity:    increases  rapidly  with  elevation. 

.       .  (a,  increases  with  average  velocitv. 

Kate  of  velocity   increase:    -    i      i  -^i      i       .■ 

•^  (  u,  decreases  with  elevation. 

Above  this  thin  surface  layer  the  wind  increases  so  nearly 
regularly  with  elevation  that  its  approximate  velocity  at  any  level 
up  to  1 6  metres  may  he  computed,  according  to  Stevenson/^**  from 
its  observed  velocity  at  some  other  height  by  the  empirical 
equation. 

.r  uT^  72 

V  =  V  ^l  '    f 

in  which  / '  is  the  computed  wind  velocity  for  the  level  H  in 
terms  of  the  known  velocity  v  at  the  height  h,  both  elevations 
being  expressed  in  feet. 

If  heights  are  given  in  metres,  this  equation  becomes, 


\   h  +  22 

Other  empirical  equations  expressing  the  relation  of  wind 
velocity  to  elevation  have  been  given  for  greater  heights. 
Douglas, ^^  for  instance,  finds  that  his  velocity  observations  be- 
tween 100  metres  and  600  metres  elevation  fairly  satisfy  the 
simple  equation. 


I=(i?- 


Shaw  ^^  suggests  as  a  likely  formula, 

V=  — —  *^"y 
a 

in  which  V  is  the  wind  velocity  at  the  height  H  above  gromid, 
Vo  the  observed  anemometer  velocity  at  a  fixed  position,  and  a 
a  constant,  obviously  depending  upon  surrounding  topography, 
anemometer  exposure,  and,  perhaps,  other  factors. 

Among  the  most  interesting  observations  on  the  relation  of 
wind  velocity  to  altitude  are  those  of  Dr.  Cesare  Fabris."^^  based 
on  some  200  pilot  balloon  flights  made  at  nearly  equal  intervals 
during  the  year  June,  19 10,  to  May,  191 1,  at  Vigna  di  \'alle,  the 
principal  aerological  station  of  the  Royal  Italian  Oceanographic 
Committee.    This  station  is  about  25  miles  northwest  from  Rome. 

^^  Jour.  Scot.  Meteor.  Soc,  5,  p.  348,  1880. 

^'Nature,  33,  p.  593,  1885. 

*"  Advisory  Committee  for  Aeronautics,  Reports  and  Memoranda,  66,  No. 
9,  p.  8,  1909. 

*^  R.  Comitato  Talassogratico  Italiano,  Memoria  8,  pp.  37-46.   1912. 
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Its  coordinates  are:  Latitude  42"  04'  41"  N. ;  l(jngitude,  12°  12' 
43"  E. :  altitude,  272.4  metres. 

The  general  results  of  all  the  observations  are  summed  up  in 
Fig.  42,  which  shows  four  distinct  regions : 

a.  The    region    of    rapid    linear    increase    of    velocity    with 
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VELOCITY,  METERS  PER    SECOND                                                                   1 

Wind  velocity  and  elevation.    (After  Fabris.) 

increase  of  altitude,  extending  from  the  surface  (272  metres 
above  sea  level),  where  the  velocity  is  least,  to  an  elevation  above 
ground  of,  roughly,  300  to  500  metres.  This  obviously  is  the 
region  in  which  the  winds  are  affected  by  surface  friction  and 
the  resulting  turbulence.  Clearly,  too,  the  average  number  of 
eddies  and  their  consequent  effect  on  velocity  must  rapidly  de- 
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crease  with  increase  of  elevation,  at  least  near  the  surface,  sub- 
stantially as  indicated  by  the  given  velocity-altitude  curves. 

b.  The  region  of  velocity  decrease  with  increase  of  altitude; 
about  200  metres  thick  and  coming  immediately  above  a.  This 
decrease  probably  is  not  what  one  at  first  would  expect,  but  it 
may  be  of  fairly  general  occurrence  (conclusive  data  are  not 
available)  in  analogy  to  the  well-known  fact  that  the  maximum 
velocity  in  rivers,  canals,  and  other  streams  is  not  at  the  surface, 
but,  roughly,  one-third  the  depth  below  it.  This  surprising  rela- 
tion between  velocity  and  depth  is  due  to  the  retarding  drag  of 
the  bed  and  banks,  together  with  the  viscous  pull  of  the  swifter 
centre  that  draws  the  sluggish  surface  water  away  from  either 
side;  and,  since  the  surface  of  the  earth  exerts  a  similar  drag  on 
the  atmosphere,  it  appears  that  an  analogous  effect  on  wind 
velocity  might  be  suspected,  not,  of  course,  because  of  overflow, 
for  there  are  no  retarding  banks,  but  as  a  result  of  convection. 

Obviously  the  amount  of  interference  to  the  flow  of  a  given 
stratum  of  air,  exerted  by  a  convecting  mass,  depends  upon  the 
difference  of  their  velocities  and  the  duration  of  their  contact. 
But  near  the  surface  of  the  earth  vertical  movements  necessarily 
are  slow,  and  again  slow  near  the  limit  of  convection,  and  there- 
fore most  rapid  at  some  intermediate  point.  Hence  the  least  inter- 
ference to  its  flow  and  the  maximum  velocity,  or  at  least  a 
tendency  to  a  maximum,  of  the  turbulent  layer  of  air  may  occur 
below  its  pseudo  surface — the  upper  limit  of  convection — just  as 
the  maximum  flow  of  a  river  occurs  below  its  surface,  though 
chiefly  for  a  different  reason. 

c.  A  region  of  irregular  winds  slowly  increasing  with  increase 
of  altitude,  extending,  roughly,  from  about  500  to  1500  metres 
above  the  surface.  These  conditions  are  oif  very  general  occur- 
rence between  the  levels  given.^^  'phg  irregularity  probably  is 
due  to  convectional  mixing  induced  during  the  day  by  insolation 
and  at  night  by  cloud  evaporation. 

d.  A  region  of  approximately  constant  increase  of  velocity 
with  increase  of  elevation,  beginning  at  about  1 500  metres  above 
the  surface  and  extending  to  at  least  the  maximum  height  ob- 
served, 5000  metres.  The  wind  velocities  of  this  region,  being  out 
of  the  reach  both  of  frictional  and  convectional  disturbances,  are 
determined  by  the  prevailing  horizontal  pressure  gradients. 

*"  Berson,   Wissenschaftliche  Luftfahrten,  3,  p.  205,  1900. 
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Cloud  and  halKion  (>l)servations  show  lliai  increase  of  wind 
velocity  with  increase  of  altitude  beyond  1500  to  2000  metres 
above  the  surface  liolds  practically  t(»  the  lop  of  the  troposphere, 
where  the  velocity  in  middle  latitudes  may  amount  to  as  much 
as  90  metres  per  second  (200  miles  per  hour)  or  even  more. 

At  hii;her  levels — that  is,  in  the  stratosphere — the  averaj^e 
velocity  is  decidedly  less. 

Horizontal  Pressure  Gradient  and  Elevation. — All  these  facts 
are  well  known,  but  there  are  no  generally  accepted  and  satisfac- 
tory discussions  of  the  reasons  why  the  average  wind  velocity  at 
levels  above  the  limit  of  appreciable  surface  inlluence  should  go 
on  increasing  with  increase  of  elevation  up  to  the  isothermal 
level  and  then  decrease.  Indeed,  data  sufficient  for  a  complete 
solution  of  this  problem  are  not  yet  available,  and  it  is  only 
recently  that  enough  facts  have  become  known  to  indicate  at  all 
clearly  the  several  links  in  the  chain  of  cause  and  effect  that  deter- 
mine the  average  atmospheric  movements  in  middle  and  higher 
latitudes. 

Because  of  the  actual  distribution  of  insolation  over  the 
earth  the  temperature  of  the  lower  atmosphere,  as  shown  by 
observation,  is  warmest,  on  the  average,  in  equatorial  regions  and 
coldest  beyond  the  polar  circles,  with  intermediate  values  over 
middle  latitudes.  Hence,  since  the  temperature  of  the  air  above 
the  earth  depends  mainly  upon  convection  and  radiation  from 
below^,  it  follo\vs  that  the  latitude  distribution  of  temperature  in 
the  upper  air  must  be  substantially  the  same  as  that  at  the  surface ; 
that  is,  warmest  within  the  tropics  and  coldest  in  the  polar  regions, 
with  intermediate  values  betw^een.  And  this,  indeed,  according 
to  kite  and  balloon  records,  does  apply  at  each  level  up  to  10  to 
12  kilometres,  or  to  fully  three- fourths  of  the  air  mass.  At  much 
higher  levels,  15  to  20  kilometres,  for  reasons  that  need  not  be 
discussed  here,  the  rare  atmosphere  is  coldest  over  equatorial 
regions  and  w^armest  over  high  latitudes.  This  inverse  condition, 
however,  does  not  apply  to  the  winter  and  summer  atmospheres 
of  the  same  place,  nor,  presumably,  to  those  of  neighboring  places 
on  approximately  the  same  latitude.  On  the  contrary,  the 
atmosphere  is  warmer,  on  the  average,  at  all  explored  levels  during 
summer  than  during  winter,  and  warmer,  so  far  as  known,  over 
regions  whose  temperatures  are  relatively  high  than  over  others 
of  the  same  latitude  that  are  comparatively  cold. 
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As  a  crude  first  iipproxinialiou  to  conditions  as  they  actually 
exist,  assume  ( i )  that  the  temperature  distribution  is  the  same 
along  all  meridians,  (2)  that  the  temperature  changes  from  one 
latitude  to  another  is  the  same  for  all  levels,  and  (3)  that  sea- 
level  pressure  is  the  same  at  all  latitudes.  Assumption  ( i )  ap- 
proximates the  conditions  over  much  the  greater  portion  of  the 
southern  hemisphere,  but,  on  account  of  the  irregular  distribution 
of  land  and  sea,  has  to  be  modified  for  any  detailed  study  of  the 
winds  of  the  northern  hemisphere.  Assumption  (2)  conforms 
roughly  to  average  conditions  between  the  thermal  equator  and 

Fig.  43. 


Relation  of  temperature  to  altitude  and  latitude.    (After  Siiring.) 

latitude  50°  to  60°,  except  near  the  surface  and  at  altitudes  above 
10  to  12  kilometres.  This  is  well  shown  by  Fig.  43  referring  to 
the  northern  hemisphere  during  its  summer,  and  copied  from 
Siiring' s  paper,*  ^  on  the  present  state  of  knowledge  concerning 
the  general  circulation  of  the  atmosphere.  Assumption  (3),  as 
applied  to  normal  pressure,  is  also  approximately  true  except  for 
restricted  areas,  whose  secondary  and  local  effects  will  not  here 
be  discussed. 

Consider  an  atmosphere  of  the  same  composition  through- 
out    and     having     initially    the     same     temperature     at     any 

**  Zeitschrift  der  Gesell.  fur  Erdkunde,  p.  600,  1913. 
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g^iven  elevation  resting  on  a  horizontal  plane.  Let  the  tem- 
perature be  uniformly  increased  from  north  to  south,  say,  and  by 
the  same  amount  from  top  to  bottom,  thus  simulating  the  tem- 
perature distribution  that  actually  obtains  in  the  earth's  atmos- 
phere over  middle  latitudes,  as  alwve  explained.  Find  the  result- 
ing horizontal  pressure  gradient  at  the  different  levels. 

At    the   height    Ji    the   horizontal   pressure    gradient,        ,  -  » 

obviously  directed  from  the  warmer  toward  the  colder  region,  is 
very  approximately  given  by  the  equation, 

_  d_p__       Ah 
dn  =^  HL* 

in  which  L  is  any  given  horizontal  distance  along  which  chi  is 
taken,  p  the  pressure  at  the  level  h,  above  the  colder  end  oi  L, 
A  //  the  difference  of  vertical  expansion  of  the  air  below  the  level 
in  question  at  the  ends  of  L.  or  difference  of  distance  through 
which  the  level,  whose  original  pressure  was  p,  was  lifted  at  these 
two  places,  and  H  the  virtual  height  of  the  atmosphere,  approxi- 
mately 8  kilometres,  or  height  it  would  have  above  any  point  if 
from  there  up  it  had  the  density  which  exists  at  that  point. 
The  negative  sign  is  used  because  the  pressure  decreases  as  ;/. 
measured  from  a  warmer  toward  a  colder  region,  increases.  For 
simplicity  let  L  ht  in  the  direction  of  maximum  rate  of  horizontal 
temperature  change,  north-south,  in  this  case. 

Under  the  assumed  conditions 

A  A  =  f  ATh  ,    approximately, 
in  which  a  is  the  average  coefficient  of  volume  expansion  of  the 
atmosphere  below  the  level  //.  and  A  T  the  difference  of  tempera- 
ture change  at  the  ends  of  L. 

At  any  two  levels,  then,  Ji  and  //'.  the  horizontal  pressure 
gradients  in  the  same  direction  are  given  approximately  by  the 
respective  equations, 


dp  PI  A  Th 


and 


dn  H  L 

dp'  p'^' AT'h' 


dn  H'L 

But  L  may  be  taken  the  same  in  both  equations,  while  a.  H, 
and  AT  generallv  are  not  greatlv  different  respectively  from  a' , 
H'  and  AT'.     In  realitv, 

H^ T_ 

H'  ~  r' 
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and  a'  is  slightly  greater  than  a  when  T'  is  less  than  T.  But  in 
this  case  it  appears  from  observations  that  actually  AT'  is  slightly 
less  than  ^1\  so  that 

dp_ 

dn  p  h 

~Jpr-  =  -^f '  approximately. 

dn 
Again,  from  the  5-  to  the  lo-kilometre  level,  and  even  to  some 
distance  below  the  former  and  above  the  latter, 

p'  ^  h'  '^"g^^y- 

Hence,  commonly, 
dp 

h'h  .        , 

T  ,  /    =  I,  approximately. 


dn 

dp' 
dn 

That  is,  through  these  levels,  or  from  below  5  kilometres  to 
above  10  kilometres,  the  horizontal  pressure  gradient  established 
by  the  temperature  difference  between  adjacent  regions  of  air 


• 

Fig.  44. 
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is  rouj^hly  constaiil.  This  conclusion  is  fully  supported  by  obser- 
vations, as  shown  by  Fig.  44,  referring  to  the  northern  hemisphere 
during  its  summer,  and  also  copied  from  Siiring's  paper. ^^ 

Level  of  Maxivmm  Horizontal  Pressure-Gradient. — The  ap- 
proximate level  of  the  maximum  horizontal  gradient  may  be 
found  as  follows : 

As  just  explained,  in  the  equation, 

d  fi  If  L      * 

the  factor,  ""jf^'  is  roughly  constant.  Writmg  G  for  the  gra- 
dient and  K  for  the  "  constant."  the  equation  takes  the  form, 

G  =  Kph. 
Hence  G  has  a  maximum  value  when 

p  dh  =  —  h  dp. 

But 

dh 
-dp=p  —jj-' 

Hence  the  pressure  gradient  is  steepest  when 

p  dh  =  ~TT  p  dh  J 

that  is,  when  h  =  H  =S  kilometres,  roughly. 

The  following  is  a  slightly  different  method  of  arriving  at  the 
same  conclusion : 

The  maximum  horizontal  pressure  gradient  resulting  from  a 
constant  temperature  difference  between  two  neighboring  columns 
of  air  obviously  is  at  that  level  at  which  the  vertical  pressure  is 
most  changed  by  the  expansion  of  the  air  below  due  to  a  constant 
temperature  increase. 

Let  h  be  any  height,  and  let  a  be  the  average  coefficient  of 
volume  expansion  of  the  air  below  this  level.     Then, 

A  h  =  ^  h  ,  nearly, 
and 

Ap=  p  gAh  =pg  ^  h,    nearly, 
in  which  p  is  the  density  of  the  air  at  the  level  h  and  g  the 
local  gravity  acceleration. 

But  p  =  Cp,  in  which  C  is  a  constant,  and 

Ap=  p  C.  g  ^  h  =  K  p  h, 

say,  in  which  K  may  be  regarded  as  a  constant. 

*^  Loc.  cit. 
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IIc'iicc.  as  l)cf()rc,  A /^  lias  its  iiiaxinmni  value  wlicn 
p  dh-= —  h  d p  ,.pdh' 

'J'hat  is,  the  horizontal  gradient  is  steei)est  when  li-lJ.  Jhit, 
as  is  well  known,  JI  =  S  kilometres,  approxiniatelw  Ilence  the 
horizontal  pressure  gradient,  resulting  from  a  temperature  dis- 
tril)ution  substantially  that  which  actually  obtains  in  the  atmos- 
phere, is  greatest  at  a  height  of  about  8  kilometres. 

Constancy  of  Mass  Flow — Egnell's  Law. — At  a  distance 
above  the  surface  of  the  earth  sufficiently  great  to  avoid  appreci- 
able retardation  due  to  friction  and  turbulence — that  is,  at  eleva- 
tions greater  than  2  kilometres  (usually  less) — the  wind  obviously 
must  blow  in  such  direction  and  with  such  velocity  that  there  is 
an  approximate  equation  between  the  pressure  gradient  on  the  one 
hand  and  the  combined  centrifugal   force  and  deflection   force 

d  p 

due  to  rotation  on  the  other.  Hence,  at  these  levels,  if  ^  ^-  is  the 
maximum  horizontal  pressure  gradient, 

dp  V 

—1 —  =  —  pv  (2  CO  sin  ^  +    j^  tan  (j>),  approximately. 

in  which  p  is  the  density  of  the  air  at  the  level  under  considera- 
tion, v  the  wind  velocity,  w  the  angular  velocity  of  rotation  of  the 
earth,  </>  the  latitude,  and  R  the  radius  of  the  earth. 

A  little  calculation  shows  that  in  the  case  of  a  wind  following, 
roughly,  a  parallel  of  latitude  the  second  term  in  the  paren- 
theses is  always  small,  except  in  very  high  latitudes,  in  comparison 
with  the  first.  Thus  for  a  22.4-metres-per-second  (50  miles  per 
hour)  west  wind  at  latitude  45°  the  first  is  about  30  times  greater 
than  the  second.     Hence,  under  these  conditions, 

dp  .  .  , 

--J —  =  —  p  V  2  CO  sm  o ,  approximately. 

d  p 

But,  as  just  explained,  the  horizontal  pressure  gradient,  -^^» 
is  roughly  constant  between  5  and  10  kilometres  elevation  and  di- 
rected polewards.  Hence,  at  any  given  latitude,  p  v,  the  mass  flow, 
or  mass  of  air  crossing  unit  normal  area  per  unit  time,  tends  to  re- 
main constant  with  change  of  altitude  from  4  or  5  kilometres  above 
sea  level  up  to  the  isothermal  region.  In  other  words,  through  this 
region,  /o  v,  at  altitude  h,  equals  ,^V,  at  altitude  h,  nearly.  This  rela- 
tion between  the  density  and  velocity  of  the  atmosphere  at  different 
levels  is  known  as  Egnell's  law,^^  determined  empirically  by  him- 
self, as  previously  by  H.  H.  Clayton,^^  from  cloud  observations. 

*'  C.  R.,  136,  p.  360,  1903. 

*^  Amer.  Met'l  Jour.,  10,  p.   177,   1893. 
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Obviously  pi'  has  a  inaxiinuin  valiu'  al  that  level  al  which  ihe 
horizontal  pressure  p^radienl  is  a  maximuin;  thai  is.  at  about  <S 
kilometres  above  sea  le\el. 

Kclalion  of  J\'locity  to  Altitude  .Ibovc  5  Kilometres. — Ob- 
viouslv.  it  the  temperature  is  constant,  as,  for  sini])licity,  we  may 
assume  it  to  be, 

p  ^P  . 
p'      P' 
But,  as  already  seen,  under  this  condition  of  constant  tempera- 
ture, through  a  considerable  ran^i^e  of  altitude — that  is.  from  below 

S  to  above  to  kik^metres — 

p       h' 

y-  j^  '  roughly. 


Hence, 

p  _  h' 

p 
But,   as  explained  above,  pv-  ?'i/ 

Therefore, 


,  =  ,    >    roughly 


^'  =    '    ,    approximately, 
■v'        h' 

or  the  velocity  of  the  wind  through  the  levels  in  question  is 
roughly  proportional  to  the  altitude. 

Above  the  isothermal  level  or  over  the  regions  between  the 
thermal  equator  and  latitude  50°  to  60''  the  horizontal  temperature 
gradient  decreases,  and  presently  even  reverses  with  increase  of 
elevation,  as  shown  by  Fig.  43,  and  therefore  the  corresponding 
pressure  gradient  also  decreases,  as  shown  by  Fig.  44.  Hence, 
the  mass  flow%  p  v,  likew^ise  decreases  with  elevation  above  this 
critical  level.  Further,  the  decrease  of  the  horizontal  pressure 
gradient,  and  consequently  of  9  v,  w^ith  altitude  in  the  stratosphere 
appears  usually  to  be  more  rapid  than  that  of  the  density  alone, 
from  which  it  follow's  that  the  wind  velocity  generally  must  have 
its  maximum  value  at  or  below^  the  isothermal  level. 

Season  of  Greatest  Winds. — From  the  above  discussion  it  is 
obvious  that  the  general  wind  will  be  swiftest  wdienever  the  tem- 
perature contrast  betwen  the  air  of  higher  and  lower  latitudes  is 
greatest.  But  the  temperature  of  the  atmosphere  in  low  latitudes 
does  not  change  through  the  year  nearly  so  much  as  does  that  of 
higher  latitudes.  Hence,  the  maximum  horizontal  temperature 
gradient,  and  therefore  the  greatest  pressure  gradient  and 
strongest  winds,  must  occur  during  winter. 

Latitude  of  Greatest  Winds. — The  latitude  of  strongest  winds 
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clearly  is  that  at  which  the  horizontal  pressure  gradient  is  greatest. 
In  the  northern  hemisphere,  according  to  Fig.  43,  this  occurs  in 
the  summer  at  about  latitude  45"".  It  is  obvious,  however,  since 
the  pressure  gradient  depends  in  general  upon  the  latitude  rate 
of  temperature  change,  that  the  belt  of  maxinunn  winds  must 
shift  more  or  less  from  season  to  season — poleward  with  the  com- 
ing of  summer,  equatorward  with  the  onset  of  winter. 

Hours  of  Greatest  and  Least  Winds. — On  land,  but  not  appre- 
ciably at  sea,  the  velocity  of  the  surface  wind  has  a  well-defined 
daily  period.  Over  comparatively  level  regions  it  is  least,  on  the 
average,  about  sun-up  and  greatest  from  i  to  2  p.m.,  with  a  larger 
change  on  clear  days  than  on  cloudy.  It  is  also  most  pronounced 
in  summer,  when  it  reaches  an  average  altitude  of  about  100 
metres,  and  least  in  winter,  when  its  depth  is  only  about  40  metres. 

The  physical  explanation  of  this  phenomenon  was  given  long 
ago  by  Espy.  During  the  night,  w'hen  there  is  no  vertical  con- 
vection, surface  friction  holds  the  lower  air  comparatively  quiet, 
while  the  upper  air  glides  over  the  lower  with  but  little  restraint. 
During  the  day,  however,  and  especially  during  clear,  summer 
days,  vertical  convection  causes  the  surface  layers  of  air  and  those 
directly  above  to  become  thoroughly  mixed  and  therefore  to  have 
a  more  or  less  common  velocity,  which,  obviously,  is  greater  than 
the  undisturbed  or  night  surface  velocity,  and  less  than  the  undis- 
turbed upper  layers  before  their  mixture  with  the  lower. 

Daily  changes  of  wind  velocity  also  occur  on  mountain  tops, 
where  the  maximum  is  at  night  and  the  minimum  by  day,  or  just 
the  reverse  of  the  velocity  changes  that  occur  near  the  surface 
over  plains.  Three  factors,  possibly  more,  combine  to  produce 
this  result  \  (a)  Contraction  of  the  lower  air  by  night,  thus  bring- 
ing air  of  slightly  higher  levels,  possibly  15  metres  (50  feet)  or 
so,  and  therefore  of  somewhat  greater  velocity  down  to  the  moun- 
tain top.  (h)  The  presence  by  day  and  absence  by  night  of  sur- 
face disturbance,  due  to  convection,  in  the  air  flow^ing  over  the 
mountain,  (c)  Overflow  from  the  region  of  maximum  expan- 
sion to  the  region  of  maximum  compression.  Since  the  greatest 
expansion  usually  occurs  at  3  to  4  p.m.  and  the  greatest  compres- 
sion at  5  to  6  A.M.,  it  follows  that  the  overflow  wall  be  from  west 
to  east,  or  with  the  prevailing  W'inds,  through  the  night,  and  from 
east  to  west,  or  against  them,  during  most  of  the  day;  that  is, 
from  sun-up  to  3  or  4  p.m. 
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Daily  Direction  of  the  Wind. — The  average  direction  of  the 
wind  changes  shghlly  during  the  day,  both  over  plains  and  on 
niouniain  tops,  the  tendency  being  for  it  always  to  follow  the  sun, 
or.  rather,  the  most  heated  section  of  the  earth.  That  is,  the 
wind  tends  to  be  east  during  the  forenoon,  south  (in  the  northern 
hemisphere)  during  the  early  afternoon,  and  west  during  the  late 
afternoon  and  early  evening.  This  does  not  mean  that  at  each 
instant  the  wind  really  blows  directly  from  the  then  warmest 
region,  but  that  the  actual  changes  through  the  day  in  the  average 
hourly  wind  directions  can  be  accounted  for  by  a  velocity  com- 
ponent away  from  that  region.  The  whole  sequence  results  from 
the  thermal  expansion  of  the  atmosphere  (progressive  from  east 
to  west),  which  causes  an  increase  of  pressure  and  consequently 
an  outward  flow  at  all  levels  above  the  surface.  The  area  covered 
is  so  vast  that  the  time  involved,  only  a  few  hours,  is  insufficient 
for  the  completion  of  the  convection  circuit,  so  that  even  the  sur- 
face winds  are  away  from  the  most  heated  regions,  as  stated,  and 
not  toward  them,  as  in  sea  and  land  breezes,  for  instance.  The 
compensating  or  return  current  occurs  at  night,  when  the  com- 
ponent, outside  the  tropics  at  least,  is  from  the  higher  latitudes. 
In  reality  the  entire  phenomenon  is  only  a  diurnal  surge,  a  flux 
and  reflux,  of  the  atmosphere  due  to  diurnal  heating  and  cooling. 

Nonnal  State  of  the  Atmosphere. — From  the  above  explana- 
tions of  the  causes  of  general  winds,  especially  those  that  pertain 
to  cloud  levels,  it  appears  that  the  normal  state  of  the  atmosphere 
is  one  of  considerable  velocity  with  reference  to  the  surface  of 
the  earth.  In  middle  latitudes,  at  least,  this  velocity  is  from 
west  to  east  more  or  less  along  parallels  of  latitude  and  so  great 
as  nearly  to  balance  the  latitudinal  pressure  gradient  due  to  the 
zonal  distribution  of  insolation.  Calms,  therefore,  in  this  region 
must  be  regarded  as  disturbances  of  the  atmosphere,  and  indeed 
often  are  comparatively  shallow,  with  normal  winds  above. 

Equatorial  East  to  West  Winds. — East  to  west  winds  are  quite 
as  general  and  constant  in  equatorial  regions  as  are  west  to  east 
winds  in  middle  latitudes.  Along  its  borders,  roughly  30°  N.  and 
30°  S.,  this  equatorial  belt  of  east  to  west  winds  is  very  shallow. 
Toward  the  equator  its  thickness  increases,  as  a  rule,  until  it 
reaches  at  least  the  limit  of  vertical  convection.  There  are,  how- 
ever, great  irregularities  in  these  winds,  just  as  in  those  of  higher 
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latitudes  on  cither  side  of  it.  Rut  the  general  conditions  are  as 
stated  and  require  explanation. 

C'onceivahly  the  tidal  action  of  the  sun  and  moon  on  the 
atmosphere  mi<4ht  set  it  rotating  from  east  to  west.  But  the  baro- 
metric amplitudes  of  the  atmospheric  tides  are  very  small,  only 
about  o.  12  m.m.  and  0.027  m.m.,  due  respectively  to  the  sun  and 
the  moon.*"  J  besides,  they  have  but  little  phase  lag,  or  follow 
closely  under  the  disturbing  body.  Hence  the  tendency  of  the 
tide-producing  forces  to  establish  an  east  to  west  circulation  of 
the  atmosphere  must  be  very  small. 

The  diurnal  heating  and  cooling  of  the  air  presumably  also 
tends  slightly  to  produce  a  planetary  circulation,  possibly  in  the 
same  direction  as  that  due  to  the  tidal  action,  or  from  east  to 
west.  In  equatorial  regions,  and  in  general  wdierever  and  when- 
ever days  and  nights  are  approximately  equal,  the  atmosphere  is 
most  condensed  about  daybreak,  or,  say,  at  5,30  a.m.,  and  most 
expanded  at  about  3.30  p.m.  Hence  at  such  times  and  places 
the  gradient  toward  the  east  is  to  the  pressure  gradient  toward 
the  west  substantially  as  the  greatest  and  least  distances,  measured 
along  a  parallel,  between  the  meridians  of  highest  and  lowest  tem- 
perature ;  that  is,  as  7  to  5.  On  the  other  hand,  the  time  of  flow 
along  the  steeper  gradient  is  to  the  time  along  the  gentler  as  5  to 
7.  But  as  the  distance  through  which  a  given  mass  is  moved, 
provided  it  is  free  to  move,  is  proportional  to  the  product  of  the 
force  acting  by  the  square  of  the  time,  it  follows  that  the  diurnal 
temperature  changes,  neglecting  friction,  which  indeed  may  even 
reverse  the  sense  of  motion,  should  give  the  atmosphere  an  east 
to  west  velocity  whose  average  magnitude  would  be  determined 
in  part  by  viscosity.  The  effect  of  the  double  diurnal  pressure 
wave  on  this  velocity  is  uncertain. 

However,  this  thermal  effect  on  wind  velocity,  whatever  its 
value,  clearly  is  of  secondary  importance.  Possibly  it  may  have 
some  relation  to  the  unexpected  east  to  west  wnnds,  the  so-called 
upper  trades,  reported  in  the  stratosphere  over  equatorial  regions, 
but  many  more  observations  and  a  more  rigid  discussion  of  the 
theory  of  atmospheric  circulation  w^ould  be  necessary  to  settle  this 
interesting  question. 

The  only  other  obvious  cause  of  east  to  w^est  and  west  to  east 
general  or  planetary  winds  is  interzonal  circulation,  to  which, 

*^Lamb,  Proc.  Roy.  Soc,  A.  84,  p.  556,  1910. 
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iiulccd,  iliey  usually  arc  rc^ardctl  as  bcin;^'  entirely  clue,  lleatin;; 
in  equatorial  and  coolinp:  in  polar  regions  necessarily  prmluce  a 
more  or  less  viji^orous  interchanp^e  of  air,  but.  as  already  explained, 
one  that  is  profoundly  nioditied  by  earth  rotation. 

Assume,  as  initial  conditions,  non-rotation,  smoothness  of 
surface,  uniformity  of  surface  temjXTature,  and  absence  of  local 
C(nivection.  Let  the  temperature  of  the  surface  and  the  atmos- 
phere now  be  decreased  in  proi>ortion  to  the  distance  from  the 
equator.  There  will  be  a  poleward  overflow  and  an  equatorward 
underflow.  Further,  if,  as  assumed,  there  is  no  local  convection — 
no  interminf^ling-  of  the  air  at  different  levels — the  equatorward 
surface  air  obviously  must  remain  at  the  surface  throughout  its 
course  to  lower  latitudes  and  then,  after  rising;  in  the  ^^^eneral. 
not  local,  convection,  move  poleward  at  the  top  of  the  atmosphere. 
Similarly,  any  other  layer  must  retain,  in  its  equatorial  course,  a 
nearly  fixed  height  above  the  surface  and  in  its  poleward  journey 
a  corresponding  distance  below  the  top. 

As  a  further  modification  assume  again  an  initial  uniformity 
of  surface  temperature,  but  let  the  earth  and  the  atmosphere  be 
everywhere  rotating  at  the  same  rate,  so  that  there  shall  be  no 
winds  of  any  kind.  As  before,  let  the  temperature  Ije  decreased 
in  proportion  to  the  distance  from  the  equator,  but  let  there  be 
no  local  convection.  Again  there  would  be  established  an  upper 
poleward  and  an  under  equatorward  circulation,  but  the  air  that 
started  toward  either  polar  region  would  quickly  assume  an  east- 
ward component,  while  the  under-  or  counter-current  would  have  a 
westward  component.  In  the  absence  of  friction  or  other  disturb- 
ing factor,  the  upper  air  moving  under  a  pressure  gradient  from 
lower  toward  higher  latitudes  would  approach  along  an  asymp- 
totic spiral  a  certain  limiting  parallel,  where  the  deflecting  force 
due  to  its  final  velocity  would  equal  the  pressure  gradient  across 
that  circle.  At  the  same  time  the  east  to  west  under-current  would 
give  a  deflective  force  counter  to  the  equatorward  gradient. 
Hence,  perhaps,  equilibrium  would  soon  be  reached  with  west  to 
east  over  winds  balancing  the  poleward  pressures  and  east  to  west 
under  winds  balancing  the  equatorward  pressures,  and  thus 
further  interzonal  circulation  prevented. 

But  surface  friction,  viscosity,  local  convection,  and  other 
disturbing  factors  so  restrict  the  approach  to  equilibrium  veloc- 
ities that  interzonal  circulation  is  continuous,  though  of  varying 
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intensity,  both  local  and  general.  I  lence  the  eastward  moving 
upper  air  must  gradually  reach  the  surface  and  reach  it  as  an 
eastward  wind.  In  its  subsequent  course  to  lower  latitudes  it  will 
become  a  westward  wind,  as  already  explained.  In  general,  then, 
the  areas  of  planetary  atmospheric  descent  are  the  regions  of 
west  to  east  winds,  while  the  similar  areas  of  ascent  are  regions  of 
east  to  west  winds.  Doubtless,  too,  these  phenomena  are  accentu- 
ated at  the  surface — that  is,  the  eastward  and  the  westward 
surface  winds  are  stronger  than  they  otherwise  would  be — by  the 
intermingling  of  the  air  of  different  levels  through  innumerable 
local  convections. 

What  latitude  establishes  the  boundary  between  the  east  and 
west  winds  ?  This  important  question  has  no  answer,  not  even  a 
theoretical  one,  unless  height  is  considered.  At  the  surface  the 
boundary  is  several  degrees  nearer  the  equator  during  winter  than 
in  summer,  but  its  average  latitude  is,  roughtly,  30°  to  32°.  Near 
its  border  the  east  to  west  winds  are  very  shallow,  but  in  general 
they  increase  in  depth  as  the  equator  is  approached  until  they 
extend  to  the  limit  of  vertical  convection. 

If  the  temperature  distribution  were  the  same  along  all 
meridians,  and  gradually  varied  from  highest  at  the  equator  to 
lowest  at  the  poles,  it  would  seem  that  the  area  of  ascending  air 
would  be  substantially  the  same  as  the  area  of  descending  air 
(really  a  trifle  larger,  because  of  the  higher  temperature  and 
consequent  greater  volume  of  the  ascending  air),  and  therefore 
that  the  surface  borders  between  east  and  west  winds  would  be 
approximately  30°  on  either  side  of  the  equator.  But  tempera- 
ture is  not  distributed  in  this  ideal  way.  There  are  restricted 
areas  which  are  exceptionally  warm,  at  least  during  a  portion  of 
the  year,  and  others  that  are  exceptionally  cold,  hence  one  would 
expect  the  area  of  ascent  to  be  only  roughly  equal  to  the  area  of 
descent,  and  therefore  the  boundaries  in  question  to  be,  as  they  are, 
only  approximately  at  latitudes  30°  N.  and  30°  S. 

The  velocity  of  the  west  to  east  winds  of  middle  and  higher 
latitudes  and  the  velocities  of  east  to  west  winds  of  equatorial 
regions  obviously  depend  ultimately  upon  the  rate  of  interzonal 
circulation.  If  this  circulation  were  zero,  surface  friction,  facili- 
tated by  local  vertical  convections,  soon  would  greatly  diminish 
and  finally  eliminate  any  cross-meridian  velocity  that  originally 
might  obtain.     On  the  other  hand,  an  extremely  vigorous  inter- 
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zonal  circulation  would  lead  to  violent  cast  to  west  winds,  partly 
because  velocity  is  not  altered  by  mere  deflection  and  partly  be- 
cause there  would  then  l>e  less  time  for  the  latitude  (con- 
servation of  area  )  effects  on  the  velocity  to  be  minimized  by 
convectional  turbulence — the  total  number  of  such  disturbances 
becoming  larger  and  their  cumulative  effects  therefore  greater 
with  increase  of  time.  Hence  the  moderate  east  winds  of  equa- 
torial regions  and  west  winds  of  higher  latitudes  that  actually 
exist  are  due  to  the  fact  that  the  interzonal  circulati(jn  itself  is 
moderate — being  largely  held  in  check,  as  already  explained,  by 
the  automatic  formation  of  gradient  w^inds  in  the  free  atmosphere 
w^hich  roughly  follow  parallels  of  latitude. 

It  appears,  then,  that  the  temperature  gradient,  directed  in 
general  from  the  equatorial  toward  the  polar  regions,  establishes 
an  upper  pressure  gradient  in  the  same  direction  and  a  lower  in 
the  opposite  direction ;  that  in  the  absence  of  friction  or  other  dis- 
turbance these  pressures  would  produce  east  to  west  and  west  to 
east  gradient  winds  with  but  little  or  no  interzonal  circulation ; 
that  as  the  winds  actually  are  more  or  less  checked  by  surface 
friction,  turbulence,  convection,  etc.,  they  fail  to  attain  full 
gradient  velocities,  and  therefore  cross  the  isobars  at  a  small  angle, 
except  near  the  surface,  where  this  angle  is  much  larger,  and  thus 
maintain  a  correspondingly  vigorous  interzonal  circulation  even 
in  the  absence  of  cvclones  and  anticvclones ;  that  the  actual  west 
to  east  winds  of  the  middle  and  higher  latitudes  and  the  east  to 
wxst  winds  of  equatorial  regions  are  due  chiefly  to  their  approach 
to  gradient  directions,  and,  finally,  that  the  strength  of  any  steady 
wand  is  proportional,  approximately,  to  the  gradient  pressure,  and 
its  direction  substantially  normal  thereto. 

Probable  Interzonal  Circulation  of  the  Stratosphere. — The 
primary  circulation  just  explained  involves  all  the  atmosphere 
from  the  surface  of  the  earth  up  to  at  least  the  highest  cloud  levels, 
but  there  is  reason  to  believe  that  it  does  not  extend  to  the  greatest 
altitudes.  Indeed,  it  appears  probable  that  far  above  the  upper- 
most clouds  there  may  be  another  primary  or  fundamental  circu- 
lation in  reverse  direction  to  that  of  the  lower.  This  inference 
is  based  on  the  fact  that  the  stratosphere  is  so  much  \varmer  in 
high  than  in  low  latitudes  that  seemingly  there  must  be  an  overflow 
of  air  from  the  former  to  the  latter  and  a  corresponding  return; 
that  is,  a  primary  circulation  in  the  stratosphere  in  which  the  upper 
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branch  is  from  the  polar  fin  this  case  warmer)  toward  the  e([ua- 
torial  (in  this  case  colder)  regions  and  the  under  from  the 
equatorial  toward  the  polar  regions,  with,  of  course,  longitudinal 
components  in  each  due  to  the  earth's  rotation.  In  a  sense  the 
upper  circulation,  if  it  exists  as  inferred,  is  the  mirror  image  of 
the  lower,  though  more  regular. 

In  addition  tO'  the  primary  circulation  or  circulations  of  the 
atmosphere  as  a  whole,  there  are  several  secondary  circulations  or 
wind  systems  of  magnitude  sufficient  to  bring  them  markedly 
under  the  influence  of  the  earth's  rotation.  It  will  be  convenient 
next  to  consider  some  of  the  more  important  of  these  winds. 

Chapter  IX. 

ATMOSPHERIC  CH^CULATION   (continucd). 

Winds  Due  to   Widespread  Heating  and  Cooling   (continued). 

MONSOONS. 

Summer  monsoons  and  winter  monsoons,  for  convenience  dis- 
cussed under  the  same  head,  bear  the  same  relation  to  summer 
and  winter  that  sea  breezes  and  land  breezes  bear  to  day  and  night. 
It  is  the  temperature  contrast  betw^een  land  and  w'ater  that  estab- 
lishes the  circulation  that  manifests  itself  on  the  surface  as  a  sea 
or  land  breeze  in  the  one  case  and  as  a  seasonal  or  monsoon  wind 
in  the  other.  The  direction  of  the  surface  wnnd  in  either  case 
is  ahvays  from  the  cooler  toward  the  warmer  of  the  adjacent 
regions,  from  the  ocean  tow^ard  the  land  by  day  as  a  sea  breeze 
and  during  the  warmer  season  as  a  summer  monsoon ;  from  the 
land  tow^ard  the  ocean  by  night  as  a  land  breeze  and  during  the 
colder  season  as  a  winter  monsoon.  Hence  monsoons  may  be 
regarded  as  sea  and  land  breezes  of  seasonal  duration,  and  might 
very  well  be  classed  w^ith  the  latter  under  some  common  appro- 
priate caption.  However,  because  of  the  immense  areas  involved, 
it  cannot  be  said  of  them,  as  of  sea  and  land  breezes,  that  they  are 
caused  by  mere  local  temperature  differences.  Besides,  the  dura- 
tion of  a  land  or  sea  breeze  is  so  brief  that  it  covers  only  a  narrow- 
strip  along  the  coast,  as  already  explained,  while  the  monsoon 
winds  extend  far  from  the  coast,  both  inland  and  to  sea  and  the 
directions  of  the  former,  since  their  paths  are  always  short,  are 
but  little  affected  by  the  rotation  of  the  earth,  w-hile  the  courses 
of  the  second  are  greatly  modified  by  this  important  factor. 
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riic  prc\  ailiiii^  directions  of  monsoon  winds,  except  wliere  dis- 
tinctly modified  hy  the  L;eneral  circnlation.  are  i^iven  by  the  follow- 
ing table  and  by  r'igs.  45  and  ^(): 

Direction  of  Monsoon  Winds 


Hemisphere 

Season 

Land  south    Land  west 

Land  north 

Lard  east 

XortluTii 

Summer 
Winter 

N.E.          S.E. 
S.W.         X.W. 

S.W. 
X.  E. 

N.  W. 

S.  E. 

Southern      1 

vSummcr 

X.W.          X.E.          S.E. 

S.W. 

Winter 

S.E.          S.W.         X.W. 

N.E. 

Since  monsoons  depend  upon  seasonal  temperature  contrasts 
between  land  and  water,  it  is  obvious  that  winds  of  this  class  must 
be  most  pronounced  w^here  such  contrasts  are  greatest — that  is, 
in  temperate  regions — and  least  developed  where  the  temperature 
contrasts  are  smallest — that  is,  in  equatorial  and  jxDlar  regions. 
It  is  even  possible  for  secondary  monsoons  to  develop,  or  for  a 
monsoon  to  occur  wnthin  a  monsoon.     This  merelv  requires  a 
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LAND,  NORTHERN 
HEMISPHERE 


Prevailing  directions  of  monsoon  winds,  northern  hemisphere. 
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favorably  situated  inland  sea,  such  as  the  Caspian.  In  such  cases 
monsoons  or  seasonal  winds  prevail  between  the  inland  sea  and 
the  surrounding  land,  and  in  turn  between  the  continent  as  a 
whole  and  the  adjacent  oceans,  just  as,  and  for  the  same  reason 
that  on  a  still  greater  scale,  there  is  a  constant  circulation  between 
iIk'  [)erpetually  warm  equatorial  regions  and  those  about  the  poles 
that   are  continually  cold. 

Another  comparison  between  these  several  winds,  the  semi- 
daily  (land  and  sea  breeze),  semi-annual  (monsoon),  and  per- 
l)etiial  (interzonal),  that  is  interesting  and  instructive  concerns 
their  depth.     As  already  stated,  the  land  and  sea  breezes  seldom 

Fig.  46. 


LAND,  SOUTHERN 
HEMISPHERE 


Prevailing  directions  of  monsoon  winds,  southern  hemisphere. 

reach  greater  depths  than  100  to  500  metres;  the  winter  monsoon 
of  India  has  a  depth,  roughly,  of  2000  metres,  and  the  summer 
monsoon  5000  metres ;  while  the  general  or  interzonal  circulation 
involves  the  whole  of  the  troposphere  with  a  depth  of  10  to  12 
kilometres,  and  probably  also,  though  perhaps  to  a  less  vigorous 
degree,  even  the  stratosphere. 

If  the  term  monsoon  be  extended,  as  it  properly  may,  to 
include  all  winds  whose  prevailing  directions  and  velocities 
undergo  distinct  alterations  as  a  result  of  seasonal  changes  in 
temperature,  it  clearly  follows  that  this  class  of  winds -is  well 
nigh  universal.     Nevertheless,  it  is  generally  thought  of  in  con- 
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nection  w  ilh  only  ihosc  places  where  it  is  most  strongly  developed, 
and  especially  where  the  seasonal  winds  are  more  or  less  opiX)sitely 
directed.  Among  these  places  are:  India  (Indian  monsoons  are 
the  most  pronounced  of  all  and  have  heen  most  fully  studied), 
China,  the  Caspian  Sea,  Australia,  and  portions  of  Africa. 

In  the  I'nited  States  the  chief  monsoon  effects  are  in  the 
eastern  portion,  where  the  prevailing  winds  are  northwest  in 
winter  and  southwest  in  summer,  and  in  Texas,  where  the  pre- 
vailing winds  are  also  northwest  in  winter  but  southeast  in 
summer. 

TRADE  WINDS. 

As  previously  stated,  in  equatorial  ocean  regions,  or,  roughly, 
over  the  oceans  betw^een  latitudes  30°  N.  and  30°  S.,  the  winds 
usually  have  an  east-to-west  component.  In  the  northern  hemi- 
sphere they  blow  rather  constantly  from  the  northeast,  becoming 
east-northeast  and  finally  nearly  east  winds  as  the  equator  is 
approached.  Similarly,  in  the  southern  hemisphere,  starting  from 
the  southeast,  they  gradually  back  through  east-southeast  to 
nearly  east.  In  each  case  they  blow  "  trade  "  ;  that  is,  in  a  fixed  or 
nearly  fixed  direction.  It  is  because  of  this  steadiness  of  direc- 
tion and  not  because  of  any  relation  they  may  have  to  the  paths 
of  commerce  that  they  are  called  trade  winds.  Along  each  border 
of  this  belt,  or  along  both  the  northern  and  southern  horse  latitudes, 
calms  are  frequent,  while  such  winds  as  do  occur  generally  are 
light  and  variable  in  direction.  Besides,  the  barometric  pressure 
is  high,  humidity  low,  and  sky  clear.  Hence  it  generally  is 
inferred  that  throughout  the  horse  latitudes  the  air  is  descending. 
This  evidence,  however,  as  applied  to  places  other  than  the  centres 
of  maximum  pressure  is  not  quite  conclusive — it  only  shows  that 
the  air  is  not  ascending. 

Another  narrow  belt  of  calms  or  light  variable  winds,  known 
as  the  region  of  the  doldrums,  approximately  follows  the  equator 
(more  exactly  the  thermal  equator),  where  the  two  systems  of 
trade  winds,  the  northern  and  the  southern,  come  together.  Here, 
however,  the  barometric  pressure  is  low,  humidity  high,  and  skies 
often  filled  wath  cumulus  and  other  clouds  that  give  conclusive 
proof  of  strong  ascending  currents. 

Trade  winds  in  the  sense  here  used — that  is  nearly  constant 
winds  blowing  in  a  w-esterly  direction — do  not  occur  on  land 
except  along  coasts  and  over  islands.     Besides  being  well-nigh 
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peculiar  to  the  oceans,  they  are  even  different  from  ocean  to 
ocean,  and  also,  since  they  tend  to  follow  the  thermal  ecjuator, 
somewhat  different  in  latitude  and  intensity  from  season  to  season. 
According  to  Shaw  the  average  velocities  of  the  Atlantic  trade 
winds  are  as  follows : 


Trade-wind  Velocities,  Atlantic  Ocean. 

Jan.   Feb.  Mar.  April  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec.  Year 

N.E. trade...    11.9    130    13.5    13.4    12.3    11. 4    10.3      8.3     9.6       7  4  9-8    n.6    10.5^ 

N.E. trade...    14. i    13.0    13.0    12. i     11. o    12. i     12.1     i.t.o    170    15.0  16. i    15.0    13.9' 


miles 
hour 
miles 
hour 


From  this  it  appears  that  the  trades  are  strongest  during  the 
winter  when  their  counterpart,  the  system  of  westerly  winds  of 
higher  latitudes,  is  strongest;  and  weakest  during  the  summer 
when  their  counterpart  is  weakest.  It  also  appears  that  the  south- 
trades,  or  those  pertaining  to  the  southern  hemisphere,  are  about 
one-third  stronger  than  the  northeast  trades,  due  probably  to  the 
greater  extent  of  the  southern  oceans  and  consequent  less  surface 
friction — the  same  reason,  doubtless,  that  the  westerly  winds  of 
the  southern  hemisphere  are  stronger,  on  the  average,  than  the 
westerlies  of  the  northern  hemisphere. 

The  trade  winds  of  the  Pacific  Ocean  are  weaker  than  those 
of  the  Atlantic  and  not  so  constant  in  direction.  On  the  Indian 
Ocean  the  trades  are  confined  to  the  southern  hemisphere.  North 
of  the  equator  the  winds  of  this  ocean,  being  controlled  by  the 
adjacent  continent,  are  distinctly  of  the  monsoon  type. 

The  seasonal  shifting  in  latitude  of  the  trade  regions  and  belt 
of  doldrums  is  shown  by  the  following  table,  copied  from  Hann's 
Lehrbuch,  3d  edition,  p. 463  : 

Seasonal  Latitude  Limits  of  Trade  Winds  and  Doldrums. 


March 

September 

Atlantic 

.  Pacific 

Atlantic 

Pacific 

N.  E.  trade. 
Doldrums. .  . 
S.  E.  trade.. 

26°-3°N 

3°N. -Equator 
Equator-26°S. 

25"-5^N. 

25°-ii«N. 

ii°-  3°N. 

3''N.-25°S. 

3o''-io*'N. 
io°-  7°N. 
7*'N.-20°S. 

ANTITRADE    WINDS. 


As  the  heated  and  expanded  air  of  equatorial  regions  overflows 
to  higher  latitudes  it  necessarily  is  deflected  by  the  rotation  of  the 
earth.    That  portion  which  goes  north  changes  from  an  east  wind 
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near  iho  ccinalt)!"  lo  a  southeast,  south,  soutliwcst,  and.  linally. 
at  about  hititudo  ^^5  X.,  a  nutrc  nearly  west  wind.  Siniiharly, 
that  portion  which  ^oes  south  becomes  northeast,  north,  north- 
west, and.  tinallx'.  at  al)ont  latitude  ^^o  S.  a  more  nearly  west 
wind. 

At  ^reat  altitudes,  10  to  i  5  kilometres,  the  east-to-west  velocity 
near  the  equator  is,  roughly,  36  metres  \)Qr  second  (So  miles 
per  hour  ).  1  lence  its  west-to-east  velocity  around  the  axis  of  the 
earth  is  about  428  metres  per  second  {^j^y  nn'les  per  hour).  As 
this  air,  assuming  it  to  start  from  the  ecpiator  and  neglecting 
viscosity  effects,  moves  to  higher  latitudes  its  west-to-east  velocity 
must  so  increase,  according  to  the  law  of  the  conservation  of  areas, 
that  at  about  16°  N.  or  S.  its  angular  velocity  will  be  the  same 
as  that  of  the  earth,  and  itself,  therefore,  l^e  moving  only  poleward 
in  the  plane  of  the  meridian.  The  exact  latitude,  however,  at 
which  the  antitrades  move  directly  i>oleward  depends  upon  the 
position  of  the  thermal  equator  and  therefore  varies  with  the 
seasons.  Thus  during  August  and  September,  w^hen  the  centre 
of  the  doldrums  is,  roughly,  8°  X.,  the  inflection  of  the  northern 
antitrades  occurs  somewhere  between  latitudes  20°  N.  and  25°  N. 
At  other  seasons,  because  the  doldrums  are  then  nearer  the 
equator,  the  place  of  inflection  is  also  less  removed.  Beyond  the 
turning  point,  wherever  that  may  be,  these  upper  or  antitrade 
winds  become  westerly,  and,  except  as  modified  by  local  dis- 
turbances, tend,  as  previously  explained,  to  reach,  under  the  in- 
fluence of  the  poleward  pressure,  a  limiting  or  gradient  velocitv 
and  to  follow*  parallels  of  latitude.  However,  there  are  innumer- 
able disturbances,  mainly  due  to  the  distribution  of  land  and  water, 
that  cause  constant  and  abundant  interzonal  circulation  which 
feeds  and  indefinitely  maintains  the  antitrade  wind  portion  of 
the  general  or  planetary  atmospheric  circulation. 

The  height  of  the  antitrades  (depth  of  the  trades)  is  greatest, 
at  any  given  place,  during  summer  and  least  during  winter.  It 
^Iso  decreases  with  latitude,  becoming  zero,  on  the  average,  at 
about  30^  X.  and  S.  Thus  dtiring  winter  their  height  over  Cuba, 
22°  X'.,  is  about  3.5  kilometres:  over  Jamaica,  17"  X.,  6.5 
kilometres  :  over  Trinidad,  12"  X'.,  8  kilometres,  and  over  Haw^aii, 
19°  30'  X\.  about  3  kilometres.  But  whatever  their  height  it  is 
always  the  same  as  the  depth  of  the  trades  of  which  they  are  but 
the  overhead  continuation.  Indeed,  the  trade  winds  as  they  ap- 
VoL.  184,  No.  1 104 — 57 
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proach  the  cciuator  ascend  and  gradually  How  off  poleward,  thus 
producing  in  each  hemisphere  a  great  antitrade  branch  of  the 
general  circulation,  which  in  turn  becomes  the  westerlies  of  higher 
latitudes.  These,  in  their  turn,  are  confused  by  storms  and  other 
local  disturbances,  but  after  few  or  many  vicissitudes,  as  cir- 
cumstances may  determine,  ultimately  return  to  a  similar  starting- 
point,  only  to  begin  another  of  their  endless  cyclic  journeys 
through  trades,  antitrades,  westerlies,  and  the  innumerable 
secondary  winds  such  a  course  implies. 

TROPICAL     CYCLONES. 

A  tropical  cyclone — the  cyclone  of  the  Indian  Seas,  the  hurri- 
cane of  the  \Vest  Indies  and  South  Pacific,  and  the  typhoon  of  the 
West  Pacific  and  China  Sea — consists  of  a  vast  whirl  of  rapidly 
moving  air  currents  surrounding  a  calm  and  relatively  small  centre 
or  vortex. 

Distinction  Between  Tropical  and  Extra-tropical  Cyclones. — 
Although  tropical  and  extra-tropical  cyclones  have  many  simi- 
larities, such  as  low-pressure  centres,  abundant  precipitation, 
same  instantaneous  wind  directions,  and  the  like,  and  although 
it  may  be  impossible  to  say  just  when  a  tropical  cyclone  on  its 
way  to  higher  latitudes  becomes  extratropical  in  character,  never- 
theless they  usually  differ  from  each  other  in  several  important 
respects.  Among  these  differences  are:  (a)  The  isobars  of  the 
tropical  cyclone  generally  are  more  symmetrical  and  more  nearly 
circular  than  those  of  the  extra-tropical.  (&)  The  temperature 
distribution  around  the  vortex  of  the  tropical  cyclone  is  practically 
the  same  in  every  direction,  while  about  the  extra-tropical  it  is 
very  different,  (c)  In  tropical  cyclones  rains  are  torrential  and 
more  or  less  equally  distributed  on  all  sides  of  the  centre;  in  the 
extra-tropical  rains  usually  are  much  lighter  and  very  unequal  in 
different  quadrants,  {d)  Tropical  cyclones  usually  have  calm 
rainless  centres  10  to  50  kilometres  (6  to  31  miles)  or  more  in 
diameter,  while  the  extra-tropical  rarely  show  this  characteristic 
whirl  phenomenon,  {e)  Tropical  cyclones  are  most  frequent 
during  summer  of  the  hemisphere  in  which  they  occur,  while  the 
extra-tropical  are  strongest  and  most  numerous  during  winter. 
(/)  Tropical  cyclones  often  move  to  higher  latitudes,  where  they 
assume,  more  or  less  completely,  characteristics  of  the  extra- 
tropical;  the  extra-tropical,  on  the  other  hand,  never  invade  the 
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rci;i(in  ol  ihc  liopical  nor  asMinic  ilh  distinctive  characleristics. 
((/)  riic  pressure-drop  of  the  tropical  cyclone  generally  begins 
with  the  wnuU  ;  in  the  exlra-iropical  it  usually  begins  much  sooner. 
(//)  The  tropical  cyclone  has  no  anticyclone  companion;  the 
extra-tropical  usually  has — to  the  west. 

riacc  of  Occurrence. — Tropical  cyclones  occur  over  the 
warmer  portions  of  all  oceans  except,  possibly,  the  South  Atlantic. 
They  are  most  numerous,  however,  in  the  west  Atlantic  (includ- 
ing the  (iulf  of  Mexico),  Bay  or  Sea  of  Bengal,  and  west  Pacific 
(including  the  China  Sea),  where  their  annual  frequencies  are, 
rough!} .  about  4,  8  and  24  respectively.  They  seldom  originate 
closer  than  5  or  6  to  the  equator  but  most  frequently  between 
latitudes  10  and  20.°  In  fact,  they  seem  to  originate  almost 
entirel}-  along  the  belt  of  doldrums,  and  therefore,  since  this  belt 
follows  the  sun,  to  appear  at  higher  latitudes  during  sunmier  and 
lower,  or  not  at  all,  during  winter. 

Si:::c  and  Shape  of  Storm. — The  diameter  of  the  tropical  cy- 
clone varies  greatly.  Near  their  origin  some  may  be  no  more  than 
80  kilometres  (50  miles)  across,  while  others,  w-hen  well  devel- 
oped, may  have  diameters  of  300  U)  1500  kilometres  (187  to 
932  miles).  The  clouded  area  incident  to  typhoons,  always  much 
more  extensive  than  the  surface  storm,  may  be  even  3000  kilo- 
metres (1864  miles)  across. 

The  shape  of  the  storm,  as  given  by  the  isobars,  appears  usually 
to  be  that  of  an  ellipse  whose  diameters  are  to  each  other,  roughly, 
as  2  to  3,  with  the  longer  axis  in  the  direction  of  travel. 

Direction  of  Wind. — The  surface  direction  of  the  wind  is 
spirally  in  at  an  angle  of  30  degrees,  roughly,  to  the  isobars, 
counter-clockwise  in  the  northern  hemisphere,  clockwise  in  the 
southern.  At  an  elevation  of  only  700  to  800  metres  the  inflow^ 
is  said  to  cease,  and  above  this  level  the  circulation  is  outward. 
These  horizontal  motions  necessitate  a  correspondingly  strong 
upward  component  around  the  vortex  or  inner  portion  of  the 
storm,  and  a  slower  dowaiward  component  over  a  much  greater 
surrounding  area. 

Velocity  of  Wind. — The  velocity  of  the  wind  in  a  tropical 
cyclone  also  varies  greatly  from  one  storm  to  another,  and  even 
more  from  one  to  another  portion  of  the  same  storm.  Near  the 
centre,  or  within  the  eye  of  the  storm.  Avhich  may  have  any 
diameter  from  8  to  50  kilometres  (5  to  31  miles)  or  more,  the 
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w  iiul  i>  \cr\  li.Lilu  and  the  sky  clear  or  only  partial!}'  co\crc(l  with 
hi<^h  clouds.  Away  from  this  centre,  especially  on  the  poleward 
side,  the  winds  often  reach  destructive  velocities  of  40  to  50  and 
even  ()0  metres  per  second  ( ()o  to  112  or  even  1 34  miles  per  hour) , 
hut  decrease  in  \iolence  rather  rapidl}'  with  increase  of  (hstance 
from  the  centre;  droppinj^^  to  only  moderate  winds  (jf  50  to  60 
kilometres  (31  to  37  miles)  per  hour  at  a  distance  of,  say,  300 
kilometres  (  187  miles). 

Direction  of  Tnn'cl. — Tropical  cyclones  of  the  northern 
hemisphere  hrst  move  west,  then  usually  northwest.  Many  turn 
north  at  latitude  20^  to  25°,  roughly,  and  finally  move  away  to 
the  northeast.  In  the  southern  hemisphere  the  corresponding 
directions  of  travel  of  the  tropical  cyclone  are :  West,  southwest, 
south,  and,  finally,  southeast. 

Velocity  of  Travel. — The  velocity  with  which  tropical  cyclones 
travel  varies  from  almost  zero  in  certain  cases,  especially  at  or 
near  the  place  of  inflection  when  this  happens  to  he  ahrupt,  to 
perhaps  800  kilometres  (497  miles)  per  day.  Over  the  Bay  of 
Bengal,  Arabian  Sea,  and  China  Sea  the  velocity  averages  about 
320  kilometres  (199  miles)  per  day.  Over  the  south  Indian 
Ocean  the  velocity  ranges  from  80  to  320  kilometres  (  50  to  199 
miles)  per  day.  Over  the  \vest  Atlantic  the  average  velocity 
before  and  during  recurvature  is  about  420  kilometres  (260 
miles)  per  day,  but  after  recurvature — that  is,  when  moving 
northeast  over  middle  latitudes — about  640  kilometres  ( 398 
miles)   per  day. 

Origin  and  Maintenance. — Since  tropical  cyclones  originate 
in  a  belt  or  region  of  doldrums  where  convectional  rains  are 
frequent  and  heavy,  and  since  they  rarely  occur  closer  than  5° 
or  6^  of  the  equator,  it  follows  that  both  vertical  convection  and 
earth  rotation  are  essential  to  their  genesis. 

The  atmosphere  of  a  doldrum  belt  becomes  very  warm  and 
humid,  and  therefore  frecjuently  is  in  a  state  of  vertical  convec- 
tion. The  upward  branches  of  this  convection  are  nearly  always 
limited  to  very  restricted  areas,  where  they  break  through,  as  it 
were,  and  often  give  rise  to  local  thunderstorms.  Occasionally, 
however,  heating  and  expansion  must  take  place  more  or  less 
uniformly  over  a  comparatively  extended  region.  So  long  as  the 
upw^ard  current  is  gentle  and  restricted  to  a  small  area,  the  com- 
pensating inflow  from  the  sides  is  also  gentle  and  can  produce 
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only  a  cumulus  cloud  and  perhaps  a  ihundcrstorni.  In  the  event 
that  such  a  storm  is  formed,  the  inflowing"  counter-current  to  the 
ascendin*;  warm  air  is  replaced  hy  an  ecphxalenl  colunm  or  sheet 
oi  descendinji^  cold  air  immediately  to  the  rear.  That  is,  the  loss 
of  warm  surface  air  is  compensated  hy  a  sinnlarly  concentrated 
and  vigorous  downtlow  of  cold  upi)er  air.  Hence,  rotary  circula- 
tion since  it  depends  upon  horizontal  inflow  from  all.  or  at  least 
se\eral.  sides,  is  not  possihle  in  the  case  of  ordinary  thunder- 
storms, whatever  their  location. 

On  the  other  hand,  an  at)pr()ximalely  e(pial  e\])ansion  of  air 
over  a  relatively  large  area,  whether  caused  hy  an  increase  of 
temperature,  or  vapor  density,  or  hy  hoth,  must  lead  to  an  over- 
flow ahove  and  a  corresponding  surface  inflow  around  the  outer 
borders. 

Obviously  the  rate  of  volume  overflow  at  any  time  is  propor- 
tional to  the  area  in  cjuestion,  while  the  corresponding  inflow  is 
proportional  to  the  boundary  multiplied  by  the  average  normal 
component  of  the  wind.  If  the  area  is  circular  with  radius  R, 
it  follows  that  the  rate  of  outflow  above  is  proportional  to  ttR'^, 
and  the  rate  of  inflow^  below^  to  2TrRV„,  in  which  r,,  is  the  average 
radially  inward  component  of  the  wind  at  the  distance  R  from  the 
centre.  But  as  the  two  currents  compensate  each  other  except  as 
modified  by  precipitation,  explained  below%  it  follows  that  F», 
other  things  being  equal,  is  proportional  to  R.  Hence,  when 
the  area  involved  is  rather  large,  100  miles,  say,  in  diameter,  the 
relatively  shallow  and  spirally  moving  compensating  or  return 
current  may  become  very  perceptible.  This  at  once  feeds  the 
entire  rising  column  with  excessively  humid  air  that  renders  it 
an  even  better  absorber  than  before  of  both  insolation  and  terres- 
trial radiation  and  increases  its  rate  of  expansion,  thus  initiating, 
perhaps,  a  widespread  condensation.  H  so.  the  latent  heat  thus 
set  free,  while  it  does  not  actually  raise  the  temperature  of  the  air. 
reduces  the  rate  of  adiabetic  cooling  from  approximately  1°  C.  to 
about  0.4  per  100  metres  increase  of  elevation,  and  thereby 
establishes  within  the  rising  column  temperatures  distinctly  higher 
than  those  of  the  surrounding  air  at  the  same  level.  In  this  way 
the  circulation  is  accelerated,  and  thereby  the  rate  of  condensation 
and  freeing  of  latent  heat  increased  until,  through  growth  of  size, 
restricted  supply  of  water  vapor,  and  other  causes,  a  limiting, 
somewhat  steadv,  state  is  attained. 
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W  Ir'11  the  coiulilioiis  licrc  (lescril)ed  occur  at  some  distance 
from  the  ecjuator  the  rotation  of  the  earth  deilects  the  inflowing 
air  and  establishes  a  rotation  around  the  region  of  lowest  pressure 
— an  effect  all  the  more  likely  to  occur,  and  to  an  accentuated 
extent,  when  the  existing  convection  takes  place  along  the  doldrum 
boundary  between  the  rather  oppositely  directed  (not  opposing) 
trade  winds,  the  one  from  higher  latitudes,  the  other  from  across 
the  equator.  But  whatever  the  radius  of  curvature,  the  angular 
momentum  remains  constant — the  law  of  the  conservation  of  areas 
obtains — except  as  modified  by  friction  and  viscosity,  and  there- 
fore, since  surface-drag  is  effective  at  but  small  elevations,  the 
atmosphere  at  only  loo  to  200  metres  above  the  water  may,  as 
it  moves  inward,  soon  reach  that  velocity  at  which  its  deflective 
force  is  equal  to  the  horizontal  pressure  gradient.  When  such 
velocity  is  reached,  as  it  obviously  may  be  at  any  appreciable 
altitude,  inflow  at  that  place  necessarily  ceases.  Near  the  water, 
however,  this  limiting  velocity  is  prevented  by  surface  friction. 
Hence,  as  soon  as  the  whirl  is  well  established,  it  must  be  fed 
almost  exclusively  by  the  lowest  and  therefore  most  humid  air. 
In  this  way  a  maximum  amount  of  precipitation,  and,  through  it, 
a  maximum  amount  of  thermal  energy,  is  secured — a  condition 
important  to  the  maintenance  of  the  tropical  cyclone,  as  is  evident 
from  the  fact  that  it  tends  to  go  to  pieces  over  dry  land,  especially 
before  it  has  recurved  and  become  essentially  extra-tropical. 

Of  course,  similar  atmospheric  expansions  may,  and  doubtless 
do,  occur  in  the  doldrums  when  they  are  on  or  very  close  to  the 
equator,  but  in  this  case  a  whirl  is  impossible,  and  therefore  a 
low  so  initiated  will  soon  fill  by  gentle,  somewhat  radial,  winds 
from  all  sides  and  at  considerable  altitudes,  or,  at  most,  mere 
local  thunderstorms  will  develop. 

From  the  above  it  is  evident  that  the  seat,  so  to  speak,  of  the 
tropical  cyclone  is  where  the  sustaining  energy  is  supplied ;  that 
is,  where  condensation  is  taking  place.  Hence  the  movement 
of  the  air  at  this  level,  and  not  at  the  surface,  determines  the 
course  of  the  storm,  and  even  carries  it  athwart  shallow  surface 
winds. 

(To  be  continued.) 


THE      VERTICAL      DISTRIBUTION      OF      DISSOLVED 

OXYGEN   AND   THE    PRECIPITATION    BY    SALT 

WATER  IN  CERTAIN  TIDAL  AREAS.- 

J.  W.  SALE  AND  W.  W.  SKINNER. 

BiRGE  and  Juday  '  have  shown  that  dissolved  oxygen  is  de- 
ficient in  the  lower  layers  of  water  of  129  inland  lakes  of  Wis- 
consin, due  to  thermal  stratification  of  the  water  and  subsequent 
depletion  of  the  oxygen  in  the  colder  layers  by  the  process  of 
respiration  of  plants  and  animals,  by  the  direct  oxidation  of  dead 
organic  matter,  and  by  the  decomposition  which  results  from  the 
action  of  bacteria. 

Data  obtained  by  the  Water  Laboratory  of  this  Bureau  show 
that  less  dissolved  oxygen  is  present  in  the  water  near  the  bottom 
of  the  Potomac  Estuary  and  of  portions  of  the  Chesapeake  Bay 
than  in  the  surface  water,  apparently  due  to  the  under-run  of 
salt  water  present  in  those  waters  and  the  subsequent  depletion 
of  the  oxygen  in  the  lower  layers  as  indicated  by  Birge  and 
Juday. 

Other  data  obtained  show  that  maximum  turbidity  of  two 
tidal  rivers  is  attained  in  the  regions  where  salt  water  first 
appears. 

The  two  phenomena  of  depleted  dissolved  oxygen  content 
and  of  maximum  turbidity  at  the  junction  of  fresh  and  salt  water 
are  related  in  that  the  sedimentation  caused  by  the  salt  water 
is  a  contributing  factor  in  the  depletion  of  the  oxygen  of  the 
lower  layers  of  water. 

These  data  are  of  particular  interest  at  this  time  because  of 
the  possible  relation  which  the  dissolved  oxygen  content  bears  to 
the  mortality  of  fish  and  shellfish,  reported  as  occurring  at  the 
mouth  of  the  Potomac  and  of  other  rivers  flowing  into  Chesapeake 
Bay  and  in  other  tidal  waters.  It  is  thought  that  the  dissolved 
oxygen  content  of  those  waters  may  have  a  profound  influence 
on  fish  life,  particularly  on  the  migration  of  fish  in  those  regions. 

Helland-Hansen  ^  noted  a  deficiency  of  oxygen  in  the  low'er 

*  Contribution  from  the  Water  Laboratory,  Bureau  of  Chemistry,  U.  S. 
Department  of  Agriculture.    Communicated  by  Doctor  Skinner. 
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water  of  sonic  oyster  ponds  sitnatcd  in  Xorw  cj^ian  tjor(l>.  'Jlicse 
ponds  were  connected  w  itli  tlie  main  iHxlies  of  water  in  tlie  I  jords 
only  dnrin*;-  unusnalK'  hii^h  tides.  Tlie  deficiencN'  of  dissolved 
oxyp^cn  threatened  the  destrnction  of  the  oysters. 

The  content  of  chlorin,  tnrbiditw  and  dissoKed  o.\y<;en  of 
ahont  2y^  surface  and  dee])  samples  collected  from  the  lower 
Totomac   l\i\er,  Marxland.  the  Manrice  l\i\er.   .\ew    fersex',  the 


Fig.  I. — Map  of  Potomac  Estuary,  showing  location  of  sampling  stations. 
Approximate  depth  in  feet  at  Sampling  Stations  in  lower  Potomac  River : 
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Chesapeake  and  the  Delaware  P.ays  have  l>c-en  plotted  for  pur- 
poses of  eoniparison,  the  nuitual  relations  l)ein^  shown  elearlv  in 
the  aeeonipanyin<i:  eurves.  Seasonal  temperature  and  chlorin 
curves   for  the  lower  Potomac  Kiver  are  contained   in   Im^s.   8 


/    ^   ^    ^  S    e    7"  <9    9  /O  //  /3  /3  /f  /S  /e  /7  JiS  /9  P03/ 
yS>^A7/°/./A^<j  .ST^T/OMS  ^je?/?A^^^cJS/:>  OOl^/'/Sr/PSy^/^ 

Fig.  j. — Lower  Potomac  River.  Washington,  D.C.,  to  Point  Lookout,  March  11-13,  1912. 
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Fig.  3.— Lower  Potomac  River,  Washington,  D.C.,  to  Point  Lookout,  April  -o- 

May  9,  1912. 

and  9.  All  curves  have  been  arranged  to  extend  down  stream  or 
down  the  bay.  The  locations  of  the  sampling  stations  in  the 
lower  Potomac  River  are  shown  on  the  map.  Fig.  i.  The  so- 
called  surface  samples  were  collected  about  one  foot  below  the 
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surface'  and  llic  deep  samples  about  three  feet  from  the  bottom. 
The  methods  of  examination  used  were  those  recommended  by 
'the  A.  ().  A.  C,  pubhshed  in  the  Journal  of  the  A.  O.  A.  C, 
vol.  2,  No.  4. 

The  under-run  of  salt  water  in  the  I'otomac  Jistuary  and 
Chesapeake  Bay  is  shown  by  a  comparis(Mi  of  the  chlorin  curves 
for  the  surface  and  deep  samples  (Figs.  2,  3,  4,  5,  6,  7  and  10). 
It  will  be  noted  that  the  two  layers  of  water  of  different  specific 
gravity  are  quite  distinct  in  the  salt-water  section  of  the  river. 
In  the  Maurice  River  the  under-run  of  salt  water,  w^hile  present, 
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Fig.  4. — Lower  Potomac  River,  Washington,  D.C.,  to  Point  Lookout, 
September  21,  22,  1912, 

is  not  so  noticeable,  the  mixing  of  the  water  in  that  locality  being 
fairly  complete  when  samples  w'ere  collected  in  November,  191 2 
(see  chlorin  curves,  Fig.   11). 

A  comparison  of  the  turbidity  curves  with  the  chlorin  curves 
for  both  the  Potomac  and  Maurice  Rivers  shows  that,  with  two 
exceptions,  which  are  evidently  abnormal  (Figs.  3  and  5),  maxi- 
mum turbidity  is  attained  at  the  station  W'here  the  content  of 
chlorin  begins  to  increase  (Figs.  2,  4,  6,  7,  11).  This  relation 
is  most  evident  when  the  fresh  water  of  the  rivers  is  quite  turbid 
(Figs.  2,  3,  7),  and  indicates  a  precipitation  of  matter  which  had 
been  dissolved  in  the  fresh  river  water.     A  noticeable  feature  of 
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the  turbidity  curves  is  that  the  rise  to  a  maximum  and  the  fall 
take  phice  within  a  few  sampling  stations  above  and  l^elow  the 
rise  in  salinity. 

Cunimings  •'  has  stated  that  the  area  from  Indian  Head  to 
Maryland  Point  in  the  lower  Potomac  River  is  a  great  natural 
basin  in  which  sedimentation  is  caused  by  the  irregularity  in 
velocity  and  direction  of  current  and  by  the  admixture  of  enor- 
mous volumes  of  sea-water,  with  its  inability  to  carry  large  pro- 
portions of  suspended  matter. 


£ysscx.yEO  cvorss/v 

95- 


FiG.  5. — Lower  Potomac  River,  oflf  Pope's  Creek,  Maryland,  to  Point  Lookout, 

October  24,  25,  1912. 

These  conclusions  are  confirmed  by  the  data  expressed  in 
graphic  form  in  Figs.  2,  3,  4,  6,  7. 

An  inspection  of  Chart  Xo.  559  of  the  United  States  Coast 
and  Geodetic  Survey  for  the  section  of  the  lower  Potomac  River 
extending  from  lower  Cedar  Point  to  ^lattawoman  Creek  shows 
an  extensive  series  of  flats  between  ^laryland  and  Sandy  Points, 
which  it  is  believed  have  been  formed  by  the  precipitating  and 
coalescing  action  of  the  salt  water  and  subsequent  sedimentation 
of  the  suspended  matter.  The  channel  of  the  river  for  a  con- 
siderable distance  opposite  these  flats  is  very  narrow.     For  in- 
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stance,  off  Douj^iass  Point  the  river  is  aljout  2.7  miles  wide,  while 
the  channel  of  the  river  is  only  about  one-tenth  of  this  distance, 
or  0.27  mile. 

A  study  of  the  relations  of  the  dissolved  oxygen  curves  to 
the  chlorin  curves  shows  that  when  an  under-run  of  salt  water 
is  present  the  dissolved  oxygen  curves  for  the  deep  samples  are 
considerably  lower  than  the  curves  for  the  surface  samples, 
showing  less  dissolved  oxygen  in  the  deep  samples  than  in  the 
surface  samples.  When  an  under-run  of  salt  water  is  absent 
(that  is.  when  the  water  is  practically  uniform  in  composition). 


I . a_-ae  ^ 1 
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Fig.  6. — Lower  Potomac  River,  vicinity  of  sewage  outlet,  to  Point  Lookout, 
December  3,  4,  191 2. 

the  dissolved  oxygen  curves  are  closer  together,  or  the  deep 
samples  may  contain  even  more  dissolved  oxygen  than  the  sur- 
face samples.  For  example,  in  September,  191 2  (Fig.  4),  the 
curves  for  surface  and  deep  samples  are  relatively  close  together 
in  that  area  of  the  lower  Potomac  River  extending  from  Stations 
I  to  7,  while  from  Stations  8  to  21  they  are  widely  separated. 
The  chlorin  curves  show  that  above  Station  7  the  water  was 
uniform  in  composition,  while  below  Station  7  there  was  a 
marked  under-run  of  salt  water. 

It  is  probable  that  the  under-run  of  salt  water  in  the  Potomac 
Estuary  and  in  Chesapeake  Bay  interferes  with  the  distribution 
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of  oxygen  by  reason  of  its  greater  specific  gravity,  which  keeps 
the  denser  water  i)ersistently  on  the  bottom,  thns  hindering  tlie 
mechanical  mixing  of  the  water  1)\-  tides,  winds,  etc. 

This  stratification,  (hie  to  concentration,  is  very  persistent  in 
the  Potomac  Ivstnary.  It  was  present  withont  exception  each  time 
samples  were  collected  from  that  area  under  widelv  varying  con- 
ditions of  the  weather.  For  examj)le.  on  ()ct(jber  24,  1912,  the 
wind  was  very  high  and  the  water  of  the  estnary  was  very  rough. 
For  several  days  prior  to  this  date  a  strong  northwest  w^ind  had 
lowered  the  level  of  the  water  ap])recial)ly.     Xevertheless,  this 
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Fig.  7. — Lower  Potomac  River,  Washington,  D.  C,  to  Point  Lookout,  April  15-17,  1913. 

extreme  agitation  of  the  water  of  the  estuary  did  not  effect  a 
uniform  mixing  (Fig.  5).  Also,  a  few  days  prior  to  April  15, 
191 3,  heavy  rains  occurred,  following  a  rather  dry  season  of 
about  a  month.  The  flood  at  this  time  pushed  back  the  incoming 
salt  water  to  Station  11,  between  Maryland  Point  and  Riverside, 
some  thirty  miles  below  Station  7,  off  Whitestone  Point,  which 
was  the  upper  limit  of  the  salt  w^ater  in  September  and  December, 
1912  (Figs.  4,  6,  and  7).  It  will  l>e  noted  that  the  under-run  of 
salt  \vater,  together  with  the  depleted  oxygen  content  in  the  lower 
layer  of  water,  persisted  under  these  conditions. 
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Hic  dissolved  oxygen  content  has  been  expressed  in  percent- 
age saturation.  'JMie  lower  curves  for  dissolved  oxygen  in  the 
deep  samples,  therefore,  represent  an  actual  consumption  of 
oxygen. 

Since  dissolved  oxygen  is  consumed  chiefly  by  the  decomposi- 
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Fig.  8. — Lower  Potomac  River,  Washington,  D.C.,  to  Point  Lookout.    Seasonal  variations  in 

temperature. 

tion  of  inanimate  organic  matter,  the  stratum  of  w^ater  nearest 
to  the  decaying  organic  matter  would  suffer  the  greatest  depletion 
of  oxygen.  The  decomposable  organic  matter  may  be  obtained 
from  several  sources.  During  high  water  in  the  river,  a  portion 
of  the  material  which  has  been  deposited  by  the  process  of  salt- 
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Fig.  g. — Potomac  River  chlorin  curves,  March,  April,  September,  October,  December,  191 2, 

and  April,  1913-     (Surface  samples.) 

water  precipitation  referred  to  above,  and  by  sedimentation  in  a 
rather  restricted  area,  is  stirred  up  and  swept  down  stream  with 
the  current,  to  again  gradually  settle  out  over  a  larger  area  of 
bottom  or  to  be  collected  in  other  portions  of  the  river,  favored 
because  of  the  contour  of  the  bottom  or  by  the  currents.    Another 
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source  of  dcconiposahlc  matter  is  plankton  forms,  which  die,  settle 
to  the  l>ottom,  and  decompose,  rurdy  "*  has  shown  that  the 
volume  of  plankton  in  the  Potomac  River  in  the  vicinity  of  Point 
Lookout  is  greater  than  in  any  other  portion  of  the  lower  river. 
Broken-down,  submerged  plants,  leaves,  elutriated  soil,  and 
other   debris   which   are   carried    into   the   estuary   and   bay   by 
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Fig.  10. — Chesapeake  Bay,  AnnapoHs  to  Fortress  Monroe,  September  20  and  OctoVur  3,  191 2. 


Location 


SampHng 
Station, 

Date 
collected 

Depth, 

feet 

No. 

22 

10-3- I 2 

50 

23 

IO-3-I2 

50 

24 

IO-3-I2 

50 

25 

I 0-3-1 2 

40 

26 

I 0-3-1 2 

30 

27 

IO-3-I2 

30 

2% 

IO-3-I2 

24 

29 

9-20-12 

60 

30 

9-20-12 

30 

31 

9-20-12 

40 

32 

9-20-12 

35 

zz 

9-20-12 

35 

34 

9-20-12 

30 

35 

9-20-12 

30 

Off  Annapolis. 

One  mile  south   Kent  Island  Light. 

Off  mouth  Great  Choptank  River. 

About  two  miles  above  Cove  Point. 

Off  mouth  Patuxent  River. 

Just  above  Point  Xo  Point  Light. 

Off  Point  Lookout. 

4^4  miles  off  Smith  Point  Light. 

9  miles  off  mouth  Great  Wicomico  River. 

10  miles  off  mouth  Rappahannock  River. 

6  miles  off  shore,  south  of  Piankatank  River. 

4  miles  off  Mobjack  Bay. 

13  miles  off  mouth  of  York  River. 

8  miles  off  Buckroe  Beach. 
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numerous  trilmtaries  also  furnish  their  quota  of  decomposable 
tuatter. 

A  certain  amount  of  dissolved  oxvii^en  is  consumed  in  the 
life-processes  of  marine  or^^^-anisms. 

The  dissolved  oxygen,  therefore,  in  the  dense  bottom  layer  of 
water  is  depleted  chiefly  by  the  decomposition  of  dead  vegetable 


Fig.  II. — Maurice  River  and  Delaware  Bay,  Millville  to  Egg  Island  Light, 
November  19,  20,  1912. 


Sampling 

Date           ] 

Depth, 

Station, 

Nn 

collected 

feet 

Location 

36 

II-19-12 

12 

Maurice  River, 

at  Millville. 

37 

11-19-12 

12 

Maurice  River, 

at   Kees   Landing. 

38 

ll-Icy-12 

24 

Maurice  River, 

off   Buckshuten. 

39 

II-19-12 

26 

Maurice  River, 

at  Morristown    Bridge. 

40 

II-19-12 

33 

Maurice  River, 

^  mile  below  Menhaden. 

41 

II-19-I2 

14 

Maurice  River, 

at  mouth. 

42 

II-20-I2 

II 

Delaware  Bay, 
Light. 

5  miles  S.  by  E.  of  East  Point 

43 

II-20-I2 

12 

Delaware  Bay, 

5  miles  S.  of  East  Point  Light. 

44 

II-20-I2 

13 

Delaware    Bay, 
Light. 

15^   miles   S.   W.   Egg   Island 

45 

II-20-I2 

18 

Delaware  Bay, 

just  outside  False  Egg  Island. 

46 

II-20-I2 

9 

Delaware   Bay, 
Light. 

about  Ys   mile  oft'  Egg  Island 
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aiul  animal  matter  j^athcrcd  from  various  sources,  while  the 
strati fication  of  the  water  due  to  difference  in  specific  gravity 
prc\ents  a  restoration  of  the  supply  from  the  saturated  or  super- 
saturated upper  layers  of  water  hy  hindering  the  mechanical 
mixing  oi  the  water  hy  the  tides,  winds,  etc. 

The  maximum  reduction  of  dissolved  oxygen  in  the  Potomac 
Estuary  and  Chesapeake  Bay  was  found  in  September  and  repre- 
sents late  summer  conditions.  At  Stations  15  to  20  on  this  trip 
the  dissolved  oxygen  was  reduced  to  57.5,  45.1,  21.6,  30.8,  19.7, 
and  43.1  percentage  saturation.  The  actual  volumes  of  oxygen 
(o"^  C.  and  760  mm.),  corresponding  to  the  above  figures  for 
percentage  saturation,  are  3.2  c.c,  2.5  c.c,  1.2  c.c,  1.7  c.c,  i.i  c.c, 
2.5  c.c,  respectively  (see  Fig.  4). 

It  is  to  be  expected  that  the  maximum  reduction  in  the  dis- 
solved oxygen  content  of  the  denser  bottom  layer  of  water  would 
occur  at  this  season  of  the  year,  since  the  supply  of  decomposable 
organic  matter  from  plankton  form,  vegetation,  etc.,  is  greater 
during  the  summer  months,  and  bacteria  wdiich  assist  in  the 
breaking  down  of  the  organic  matter  are  most  active  at  this  sea- 
son, because  of  the  higher  temperature.  It  will  be  noted,  from 
an  inspection  of  the  curves  for  seasonal  variation  in  temperature 
(Fig.  8),  that  the  water  was  about  23°  C.  at  this  time.  In 
October  the  temperature  had  fallen  to  about  17°  C,  and  in 
March  was  about  2°  C,  the  lowest  temperature  noted. 

Lebedinzeff  ^  reported  diminished  dissolved  oxygen  content 
at  depths  of  183  to  200  metres  in  the  Black  Sea,  and  it  is  of 
interest  to  note  that  no  life  was  found  below  183  metres.  As 
in  the  Potomac  Estuary  and  Chesapeake  Bay,  vertical  circulation 
was  cut  off  in  the  Black  Sea  by  stratification  due  to  increase 
in  concentration  w^ith  increased  depth. 

It  appears  that  thermal  stratification  may  exist  to  a  slight 
extent  in  the  Potomac  Estuary  (Fig.  8).  However,  the  variation 
in  temperature  of  the  surface  and  deep  samples  is  generally  of 
the  order  of  i  °  C.  or  less.  This  body  of  w^ater  may  be  regarded, 
therefore,  as  homothermous. 

The  chlorin  and  dissolved  oxygen  curves  for  ]\Iay,  19 12.  and 
for  April,  19 13,  are  very  similar,  and  their  comparison  is  of 
interest,  as  showing  the  annual  recurrence  of  seasonal  conditions 
(Figs.  3  and  7). 
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SUMMARY. 

It  has  been  sliown  that  the  lower  layers  of  certain  tidal  waters 
under  investigation  contain  less  dissolved  oxygen  than  the  upper 
layers.  Evidence  has  been  presented  to  show  that  this  phenome- 
non is  caused  by  the  stratification  of  the  water  due  to  the  specific 
gravity  of  the  under-run  of  sea-water,  which  cuts  off  vertical 
circulation,  and  to  the  subsequent  depletion  of  the  oxygen  in  the 
lower  layers  by  natural  agencies.  The  depletion  of  oxygen  was 
found  to  be  greatest  in  September.  The  precipitation  and  sedi- 
mentation of  matter  in  tidal  areas  by  sea-water  have  been  pre- 
sented in  graphic  form.  These  data  are  considered  to  be  of 
particular  interest  from  the  viewpoint  of  fish  and  shellfish  life. 
Washington,  D.  C,  June,  1917. 
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Heating  Houses  With  Gas.  E.  D.  ]\Iilener.  (American  Gas 
Engineering  Journal,  vol.  cvii,  No.  18,  p.  393,  November  3,  191 7.)  — 
As  a  producer  of  heat  units  on  the  generous  scale  requisite  for  such 
service  as  house  heating,  manufactured  city  gas  has  not  in  the  past 
been  able  to  compete  with  coal,  and  the  householder  has  had  to 
accept  the  inconveniences  of  the  latter  fuel.  There  are,  of  course, 
other  economies  than  those  of  fuel  cost  gained  by  the  use  of  gas. 
and  latterly,  in  Baltimore,  the  Consolidated  Gas,  Electric  Light  and 
Power  Company  has  demonstrated  that  fuel-gas  house  heating  is 
possible  by  the  maintenance  of  a  house-heating  service  supplying 
500  dwellings. 

An  efficient  furnace  is  a  prerequisite  to  success  with  gas  fuel. 
Even  with  gas  at  35  cents  a  thousand  cubic  feet  and  coal  at  $8.50  a 
ton,  the  average  fuel  cost  of  heating  an  entire  house  with  gas  will 
be  at  least  25  per  cent,  more  than  with  coal,  and  to  keep  this  difference 
from  being  greater  it  is  necessary  that  the  best  equipment  only  be 
used  and  proper  attention  given  to  its  operation.  A  three-story 
cottage  equipped  with  a  gas-fired  steam-heating  system  consumed, 
during  the  eight  months  from  October  to  May,  465,800  cubic  feet 
of  gas.  The  lowest  monthly  consumption,  during  October,  was 
23,700  cubic  feet,  and  the  highest,  during  February,  was  88,700  cubic 
feet. 
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It  is  also  interesting  to  note  the  observations  of  Cohen  and 
W'assiljewa,^^^  that  equihbrium  is  brought  about  in  absence  of 
Hght  by  submitting  a  mixture  of  hydrogen  and  chlorine  to  the 
catalytic  action  of  charcoal. 

They  found,  also,  that  if  gaseous  hydrochloric  acid  was 
passed  through  a  quartz  tube  which  was  two  centimetres  from 
the  lamp  (a  mercury  quartz  lamp),  and  this  tubing  was  pro- 
tected from  all  light,  the  gas  was  decomposed.  If  the  quartz 
tube  was  replaced  by  glass  no  decomposition  of  the  hydrochloric 
acid  took  place. 

Russ,^^'  in  his  paper  on  the  action  of  the  silent  electric  dis- 
charge on  chlorine,  after  a  description  of  experiments  con- 
cludes that  an  active  form  of  chlorine  is  produced  by  the  silent 
electric  discharge  and  by  ultraviolet  light,  and  that  this  action 
of  chlorine  will  greatly  diminish  when  the  light  or  discharge  is 
taken  away.  He  noted  the  dependence  of  the  activity  on  moisture, 
and  pointed  out  the  analogy  between  the  effects  of  moisture  on 
the  activation  of  chlorine  by  the  silent  electric  discharge  and  those 
in  which  activation  was  accomplished  by  means  of  light  pointed 
out  by  ^lellor,"^  Gautier  and  Helier,'^^  and  Bevair.^-'^  He 
believed  that  the  action  of  the  discharge  was  photochemical, 
because  the  effect  was  produced  in  a  quartz  chamber  much  better 
than  in  glass.  He  found  that  the  charged  chlorine  held  its 
activity  for  a  long  time,  but  would  lose  it  on  being  heated  or 
passed  through  glass  tubing.  This  observation,  made  also  by 
Bevan,^-^  is  important,  as  the  phenomenon  is  exhibited  by  gases 
known  to  be  electrically  charged. ^^- 

*  Concluded  from  page  636,  vol.  184,  November  issue. 

""Loc.  cit. 

^'^^  Monatsch.,  26.  627-646  (1905). 

^^C.  B.  I.,  1057  (1904). 

^'''^Compt.  rend.,  124,  1267  (1897). 

'^Proc.  Roy.  Soc,  72,  5,  (1903). 

"'Loc.  cit. 

""  See  J.  J.  Thompson.  "  The  Conduction  of  Electricity  Through  Gases." 
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In  his  experiments,  Kuss  used  benzene  as  a  proving  substance, 
and  found  that  the  niaxinmni  effect  oi  sunhght  on  chlorine  and 
benzene  is  locahzed  in  the  uUraviolet  portion  of  the  spectrum. 

In  this  connection  it  may  be  pointed  out  that  Warburg  ^^^ 
found  tliat  there  was  a  maximum  in  (jzone  formation  by  the 
silent  electric  discharge,  and  thai  the  laws  of  Faraday  did  not 
apply  to  the  formation  of  ozone.  He  expresses  the  idea  that  the 
action  of  the  silent  electric  discharge  must  be  conceived  as  being 
photo-  or  cathodo-chemical  in  character. ^^^ 

After  several  attempts  to  chlorinate  acetic  acid  by  electrolysis 
under  various  conditions,  Schluederberg  ^^'^  concludes  that, ''  while 
it  is  possible  to  chlorinate  acetic  acid  electrolytically,  yet  from  the 
standpoint  of  efficiency  the  results  obtained  are  of  a  very  unsatis- 
factory nature.''  Schluederberg  conducted  his  experiments  on 
a  belief  "  that  light  causes  a  dissociation."  Bancroft  ^^^'  con- 
siders that  positive  and  negative  chlorine  are  produced  by  dis- 
sociation caused  by  light,  and  that  the  dissociation  effects  of 
light  can  be  duplicated  electrolytically  and  that  light  and  halogen 
carriers  act  in  the  same  manner,  but  it  has  since  been  found  that 
in  toluene  electrolytic  chlorine  substituted  in  the  ring,  and  ordinary 
chlorine  in  the  presence  of  sunlight  in  the  side  chain.  This  would 
indicate  that  the  chlorine  substituted  in  acetic  acid  is  the  same 
as  that  substituted  in  the  side  chain  in  toluene.  Schluederberg 
designates  this  chlorine  positive,  in  distinction  to  that  which  enters 
the  ring  of  toluene  and  benzene,  which  is  called  negative.  The 
positive  chlorine  is  considered  as  replacing  the  hydrogen  of  the 
acid,  which  subsequently  unites  with  the  negative  chlorine  and 
forms  hydrochloric  acid.  By  this  reasoning  the  postulate  that 
dissociation  effects  of  light  can  be  duplicated  electrolytically  does 
not  hold,  and  it  is  seen  that  their  action  can  be  duplicated  electro- 
lytically only  when  halogen  carriers  act  in  a  different  way  from 
light.  Ferric  chloride,  on  the  other  hand,  can  be  considered  as 
dissociating  into  ferrous  chloride  and  negative  chlorine.  This 
action  can  be  duplicated  electrolytically.  With  phosphorus  pen- 
tachloride  dissociation  may  occur  into  phosphorus  trichloride  and 
positive  chlorine,  thus  accounting  for  its  activity. 

^"^  Ann.  Phys.,  9,  781   (1902)  ;  Ibid.,  13,  464  (1904). 
'^  See  also  Regener,  Ann.  Phys.,  20,  1033-1046   (1906). 


"V.  Phys.  Chem.,  12,  583-589  (1908). 
"'/.  Phys.  Chem.,  12,  439  (1908). 
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I>ecaiise  of  the  small  aiiioiinl  of  cliloracctic  acid  obtained 
Schlucdorhori^^  hclicvcil  that  what  was  formed  was  due  to  ordinary 
chlorine  dischari^ed  from  the  electode  and  (hssolved  in  the  acid, 
and  not  from  nei^ative  cldorine  set  free  from  tlic  anode. 

The  above  considerations  f^ive  us  reason  to  l)elieve  that  the 
action  of  Hi^ht  is  to  ioni/e  the  chlorine.  Similarly  to  the  manner 
in  which  the  ionization  of  other  i^ases  1)\-  lii;ht.  X-rays,  or  silent 
electric  discharoe  takes  place,  in  which  cases  the  gases  are  known 
to  contain  free  ions.^-'  McClun*;-  describes  two  intercstin.i(  experi- 
ments ^-'^  which  prove  conclusively  that  the  char<>-cd  p^as  can  be 
carried  alon^-  a  tube  for  some  distance  before  it  loses  its  charge. 

CHLORINATION   OF  BENZENE. 

Another  reaction  which  is  accelerated  by  Hght  energy  is  that 
between  chlorine  and  benzene.  The  effect  of  light  on  this  reaction 
was  reported  first  by  Mitscheriich/-'-^  who  formed  chlorbenzene 
by  allowing  chlorine  to  act  on  benzene  in  the  sunlight. 

A\*illgorode  ^'^"  reported  that  benzene  does  not  react  in  the 
dark  with  chlorine  at  any  temperature  up  to  the  boiling-point  of 
the  solution  under  atmospheric  pressure.  In  spite  of  his  work,  it 
is  stated  in  several  text-books  and  in  the  literature  ^^^  that  chlorine 
does  react  on  boiling  benzene  in  the  dark.  This  latter  view  was 
prevalent  until  Slator,^''-  follow^ed  by  Goldberg,^ -'^'^  proved  the 
reaction  between  chlorine  and  benzene  to  be  photochemical.  In 
his  work  Slator  ^'"^-^  pointed  out  that  the  velocity  of  the  reaction 
was  directly  proportional  to  the  square  of  the  chlorine  concen- 
tration— a  phenomenon  which  is  pointed  out  by  Goldberg  ^^^  as 
an  exception  to  the  usual  law^s  governing  the  velocity  of  photo- 
chemical reaction. 

It  may  be  noted,  also,  that  Bodenstein  and  Dux  ^^^  found  that 

"'  See  J.  J.  Thompson,  loc.  cit.,  and  McClung,  "  Conduction  of  Electricity 
Through  Gases  and  Radio-activity.'' 
"*  Pages  61  and  92. 

'""'Pogg.  Aim.  Phys.  u.  Chcm.,  351   (5),  370-374   (1835). 
^'V.  Prakt.  Chcm.,  34,  264  (1886). 
"^Lesimple,  Lieh.  Ann.,  137,  123. 
'''Z.  Phys.  Chem.,  45.  5^ 3  (1903)- 
^"^Z.  li'iss.  Phot.,  4,  61-107  (1906). 
"*L(?c.  cit. 
^'' Loc.  cit. 
""Z.  physik.  Chcm.,  85,  297-328  (1913). 
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llic  ciHiibinatioii  (»f  hydrogen  and  chlorine  was  a  reaction  of  the 
second  order,  the  velocity  being  proportional  to  the  square  of  the 
chlorine  concentration. 

Goldberg^-''  p(jints  out  the  peculiar  effects  due  tO'  dispersion 
of  light  when  the  reaction  between  benzene  and  chlorine  is  carried 
out  in  a  glass  tube.  He  found  that  if  concentric  tubes  were  used, 
under  the  circumstances,  the  velocity  of  the  reaction  in  the  outer 
tube  was  less  than  in  the  inner  tube,  although  the  strength  of  the 
light  is  greater  in  the  outer  container  than  in  the  inner  one.  He 
calls  attention  to  the  concentration  of  the  light  following  its  dis- 
persion by  entrance  into  the  outer  vessel  to  account  for  these  some- 
what paradoxical  results.  The  apparatus  which  he  used  for  his 
further  researches  avoids  the  possibility  of  such  peculiar  effects 
by  causing  the  light  to  pass  through  a  flat  piece  of  glass  or  quartz. 

Goldberg  found  by  plotting  curves  showing  the  concentration 
as  a  function  of  the  time,  velocity  as  a  function  of  the  time,  and 
velocity  as  a  function  of  the  concentration,  that  the  course  of  the 
reaction  between  benzene  and  chlorine  could  not  be  predicted  by 
using  the  usual  photochemical  laws.  He  points  out  that,  w^hile 
with  a  small  initial  concentration  the  velocity  diminishes  with 
decreasing  concentration,  with  high  concentration  it  increases 
with  decreasing  concentration.  He  also  found  by  experiment  that 
in  higher  concentrations  the  phenomenon  of  self-acceleration  was 
exhibited. 

Goldberg,  whose  work  was  extensive  on  this  phenomenon, 
showed  that  the  extent  of  retardation  in  this  reaction  by  the 
presence  of  oxygen  was  very  marked  with  increasing  concen- 
tration. 

Luther  and  Goldberg  ^^^  also  found  that  the  action  of  chlorine 
on  benzene  was  greatly  retarded  in  the  presence  of  oxygen.  They 
pointed  out  that  this  retardation  probably  would  account  for  the 
reaction  between  chlorine  and  benzol  in  boiling  solutions,  as  re- 
ported in  text-books.  Their  experiments  showed  that  there  was 
little  reaction  in  the  dark  even  at  high  temperature,  and  they 
believe  that  the  extreme  sensitiveness  of  the  reaction  in  the  absence 
of  oxvgen  makes  it  probable  that  the  light  of  an  ordinary  labora- 
tory is  sufficient  to  bring  about  the  reaction  in  a  boiling  solution. 
Thev  believe  that  the  formation  of  hexachlorbenzene  in  the  ab- 


'^'Loc.  cif. 

''"Z.  physikaJ.  Chem.,  56,  43-56  (1906). 
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sence  of  catalyzers  is  a  purely  photochemical  reaction.  1  iexachlor- 
benzene  cannot  he  formed  in  the  dark  in  the  presence  ^ji  alkalies. 

Dyson  and  Harden  '""•  pointed  out  that  the  retardation  by 
oxygen  was  characteristic  of  all  photochemical  gas  reactions. 
This  observation  was  confirmed  by   Luther  and  Cioldberg.^"*^ 

It  is  o\  interest  to  note  that  a  patent  was  recently  granted  to 
Sparre  and  MaslancP"**  for  apparatus  to  be  used  in  chlorinating 
saturated  hydrocarbons.  The  material  is  charged  with  chlorine 
in  an  opacjue  absorption  chamber,  then  passed  through  a  series 
of  glass  tubes  in  which  it  is  exposed  to  a  mercury  vapor  light. 

Attention  has  already  been  directed  to  the  unsuccessful 
attempts  of  Schluederberg  to  form  chlorbenzene  and  chlortoluene 
electrolytically.  A'an  Xame  and  Maryott  ^■*-  also  report  experi- 
ments which  indicate  that  anodichlorination  of  benzene  is  absent, 
and  that  the  chlorination  found  was  due  to  a  catalytic  action  of 
lithium  chloride  used,  whether  the  chlorine  is  liberated  by  the 
electric  current  or  simply  introduced  by  bubbling  it  throtigh  the 
solution. 

CHLORINATION  OF  TOLUENE. 

Referring  to  another  reaction,  the  chlorination  of  toluene, 
which  is  accelerated  by  the  action  of  light  and  offers  some  inter- 
esting features,  Bancroft,  ^^^  cites  the  work  of  Schramm,^-^-* 
who  reported  that  chlorine  was  substituted  in  the  side  chain 
when  it  acted  on  toluene  at  0°  in  the  sunlight,  and  that 
of  Cannizzaro,^^^  who  reported  side-chain  substitution  when 
chlorine  acted  on  boiling  toluene,  and  says  that  it  is  probable 
that  the  latter  method  of  preparation  is  a  photochemical  one. 

Cohen.  Davison,  Blochey,  and  Woodmansey  ^"^^  studied  varia- 
tions in  the  conditions  of  the  chlorination  process  of  toluene. 
Their  experiments  were  divided  as  follows : 

Series  i  and  2  :  Chlorination  above  a  layer  of  hydrochloric 
acid  solution  (D1.16)  in  the  dark  and  in  dift'used  sunlight. 

"V.  Chcin.  Soc.  Trans.,  83.  201   (1903). 

^^°  Loc.  cit.    See  also  Bodenstein  and  Dux,  Loc.  cit.,  and  Taylor,  he  cit. 


'*'Loc.  cit. 

^''Am.  Jour.  Sci..  35,  153-170. 

'*"  Loc.  cit. 

'**Bcr.,  18,  606  (1885). 
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Compt.  rend..  41,  517  (1855). 

/.  Chem.  Soc.  Trans.,  87,  1034  (1905)  ;  97  (2),  1628-1636  (1910). 
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Series  3  and  4:  Chlorination  with  moist  chlorine  in  llic  dark 
and  in  diffused  daylight. 

Series  5  and  ():  Chlorination  with  dry  chlorine  in  the  dark 
and  in  diffused  daylii^ht. 

The  toluene  in  all  cases  was  heated  to  the  b(jiling-point. 

These  authors  report  experiments  in  which  the  chlorine  was 
exposed  to  the  light  of  an  arc  lani])  focussed  on  the  wash  Ijottle 
of  sulphuric  acid  before  it  came  in  contact  with  the  toluene  ;  others 
where  the  chlorine  was  exposed  to  diffused  daylight,  the  sulphuric 
acid  being  replaced  by  water;  others  where  the  light  of  an  incan- 
descent electric  lamp  was  allow^ed  to  act  on  the  chlorine  W'hile 
entering  the  toluene. 

They  conclude  that  the  proportion  of  side-chain  substitution 
products  obtained  is  not  attributable  tO'  the  influence  of  chlorine 
previously  exposed  to  light. 

The  authors  also  show  by  experiment  that  the  influence  of 
light  on  the  ratio  of  distribution  of  chlorine  is  very  pronounced 
in  the  case  when  the  reacting  chlorine  was  passed  through  con- 
centrated aqueous  hydrochloric  acid  in  contact  with  toluene.  The 
effect  of  illumination  was  to  raise  the  proportion  entering  the 
side-chain  substitution  from  16  to  60  per  cent.  Where  moist 
gas  was  passed  direct  into  toluene  the  percentage  of  benzyl 
chloride  formed  w'as  raised  from  60  to  90.  When,  however,  the 
dry  gas  is  passed  into  dry  toluene  in  the  dark  the  proportion  of 
substituted  products  obtained  is  so  large  that  any  considerable 
influence  of  light  is  excluded.  The  effect  of  light  in  this  case  is 
very  slight,  the  proportion  of  benzyl  chloride  being  increased  from 
90  to  but  94  per  cent.  The  authors  found  that  in  the  dark  the  dis- 
tribution of  chlorine  is  very  largely  dependent  on  the  amount  of 
water  present.  They  further  found  that  electrolytic  chlorine  in 
the  dark  gave  rise  to  a  somewhat  smaller  proportion  of  benzyl 
chloride  than  chlorine  which  is  obtained  by  the  action  of  potassium 
permanganate  on  hydrochloric  acid.  The  fact  that  the  conditions 
were  not  identical,  due  to  the  hydrogen  liberated  at  one  pole,  was 
noted,  a  possible  explanation  being  that  the  benzyl  chloride  which 
dissolved  in  the  hydrochloric  acid  w-as  reduced  by  the  hydrogen, 
thus  accounting  for  the  small  proportion  of  the  benzyl  chloride 
in  the  product. 

If  the  chlorination  by  electrolysis  is  carried  on  in  the  light, 
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the  action  is  not  sensibly  ditTercnt  from  that  which  occurs  when 
ordinary  chlorine  is  used. 

The  authors  state  that,  "from  a  consideration  of  all  the  obser- 
vations relatin<^  to  the  chlorination  of  toluene,  it  appears  to  be 
established  that  side-chain  substitution  is  favored  by  light,  rise 
of  temperature,  and  absence  of  moisture." 

They  also  conclude  that  the  mechanism  of  the  process  of 
chlorination  is  of  the  same  kind  as  that  of  bromination,  and 
sug^gest  that  the  more  extensive  observations  relating  to  the 
bromination  of  toluene  may  be  utilized  in  the  elaboration  of  a 
ireneral  theorv  of  haloirenation. 

There  are  two  essentiall\-  difterent  views  in  explanation  of  the 
various  observations  relative  to  the  bromination  of  toluene  under 
many  varying  conditions  studied  by  Holleman,  Polak,  \^an  der 
Loan,  and  Envas.^"*'  The  essential  point  of  the  one  advanced  by 
Bruner  is  that  side-chain  stibstitution  is  due  tO'  molecular  bromine, 
whereas  nuclear  substitution  is  effected  by  bromine  atoms  or  ions 
which  result  from  the  dissociation  of  the  bromine  molecules. 
The  hypothesis  is  strengthened  by  the  velocity  measurement 
made  by  Bruner  and  Blusha.^"*^  The  action  of  carriers  is  thought 
to  be  due  to  formation  of  compounds  of  bromine  which  undergo 
dissociation  with  the  production  of  bromine  atoms  or  ions  in 
much  greater  concentration  than  in  that  which  exists  in  a  pure 
solution  of  bromine. 

Bruner's  theory  is,  in  its  essential  characteristics,  adopted 
by  Bancroft,  who  gives  a  review  of  the  subject  of  the  chlorination 
and  bromination  of  toluene  and  benzene  in  his  third  article  on 
the  ''  Electro-chemistry  of  Light."  ^"^^  He  adds  that  the  nuclear 
substitution  takes  place  only  when  negative  bromine  ions  are 
in  excess  of  the  positive  ions,  a  condition  brought  about  by 
the  partial  combination  of  the  positive  bromine  ions  with  molec- 
ular bromine  to  form  complex  positive  ions ;  for  example,  Br.5. 

The  second  view,  that  of  Holleman,  is  based  on  the  supposition 
that  stibstitution  in  the  side  chain  is  due  to  the  molecular  bromine, 
while  that  in  the  nucleus  is  brought  about  by  hydrogen  perbro- 

"^  Proc.  K.  A.  Kod,  IVetensch.  Amsterdam,  8,  512  (1905);  Rec.  Tra. 
Chem.,  27.  435  (1908).  See  also  Branerad  Dlusha,  Bull  Acad.  Sci.  Cracow, 
693  (1907),  and  Jackson  and  Field.  Amcr.  Chem.  Jour.,  2,  10   (1881). 

"«L(?c.  cit. 

"V.  Phys.  Chem.,  12,  417    (1908). 
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niidc.'"'"  lie  points  out  that  this  compound  is  most  abundant  at 
low  temperature  where  low  concentration  of  bromine  is  empk^yed, 
which  is  the  condition  under  which  ])roinine  enters  the  nucleus. 
It  was  noted,  also,  that  the  addition  ol  acetic  acid  or  nitrobenzene 
probably  acts  by  changing  the  concentration  of  the  bromine. 

Cohen,  Davison,  Ijlochey,  and  Woodmansey '■'''  say  that 
"  both  of  these  views  offer  a  plausible  explanation  of  certain  facts, 
l)ut  the  view  that  nuclear  substitution  is  due  to  halogen  in  the 
form  of  polyhalogen  compounds  appears  to  l>e  more  acceptable." 
They  refer  to  the  diminution  in  the  relative  amount  of  nuclear 
substitution  with  rise  of  temperature  and  with  diminishing  con- 
centration of  the  halogen  as  being  both  consistent  with  this  theory, 
because  they  both  favor  dissociation  of  the  polyhalides.  They 
further  refer  to  the  increase  in  the  percentage  of  nuclear  sub- 
stitution product  when  certain  solvents  are  added  as  being  in 
accord  with  the  fact  that  these  solvents  facilitate  the  formation 
of  polyhalogen  compounds. 

It  is  suggested  as  possible  that  the  relative  stability  of  poly- 
halogen compounds  in  nitrobenzene  solution  is  connected  with 
the  ionizing  power  of  this  solvent.  Attention  is  called  tO'  the  slight 
conductivity  demonstrated  by  Davison  and  Gwaler,^''^^  ^j^j  Davi- 
son and  Jackson. ^^^  Other  solvents  which  favor  the  formation 
of  polyhalogen  compounds  and  increase  the  relative  amount  of 
nuclear  product  in  the  bromination  of  toluene  also  yield  solutions 
which  have  a  high  electrical  conductivity. 

Cohen,  Davison,  Blockey,  and  Woodmansey  ^-'^  say  that 
although  there  is  no  direct  evidence  to  show  that  the  nuclear 
substitution  effect  is  conditioned  by  the  ionization,  yet  these  facts 
would  seem  to  indicate  that  halogen  in  the  form  of  polyhalogen 
ion  is  especially  active  in  this  respect. 

These  authors  point  out  the  following  facts,  which  are  diffi- 
cult to  reconcile  with  the  ionic  theory :  That  Bruner  ^^^  found 
that  solutions  of  bromine  and  iodine  in  moist  nitrobenzene  were 
conductors  of-  electricity,  while  Brunner  and  Galechi^^^  found 
that  solutions  of  chlorine  in  nitro-benzene  do  not  conduct  elec- 


n 

^^^J.  Chem.  Soc.  Trans.,  97,  1623-1636   (1910). 

^"*/.  Chem.  Soc.  Trans.,  81,  525  (1902). 

^'^Ihid.,  93,  2063  (1908). 

''*Loc.  cit. 

'^^^  Bull.  Acad.  Sci.  Cracow,  731   (1907). 

^^  Zeit.  Elccirochcm.,  16,  204   (1910). 
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iricily.  and  \ei  ihc  i)rocesses  of  chlorination  and  brominatiun 
appear  to  be  etYected  in  a  similar  way  wlien  ihc  conditions  of 
the  two  processes  are  siniilarly  altered. 

Neither  theory  will  account  for  the  fact  that  water  in  the 
toluene  increases  the  relative  proportion  of  the  nuclear  substi- 
tution products.  Observations  on  the  conductivity  of  toluene 
sohitions  of  moist  and  dry  chh^-ine  show  no  difference  that 
would  account  for  the  observed  action  on  the  **  chh^rine  ioniza- 
tion theory,"  since  the  action  of  moisture  opposed  that  of  light. 

In  connection  with  the  theory  of  carriers,  that  their  action  is 
due  to  concentration  of  halogen  ions  as  a  consequence  of  the 
formation  of  more  highly  ionized  carrier-halogen  compounds,  it 
is  stated  that  it  is  not  supported  by  any  experimental  evidence,  so 
far  as  these  authors  are  aware.  It  is  pointed  out.  on  the  other 
hand,  that  if  such  "  carrier-halogen  compounds  "  are  themselves 
of  the  nature  of  perhalogen  compounds,  or  if  they  are  capable  of 
combining  with  further  quantities  of  halogen  to  form  such  per- 
halogen derivatives,  the  formation  of  nuclear  substitution  pro- 
ducts in  the  presence  of  carriers  is  explicable  in  terms  of  the 
polyhalogen  theory  without  the  necessity  of  formulating  any 
additional  electrical  hypothesis.  "  From  a  consideration  of  the 
valencv  relationships  of  the  various  substances  which  serve  as 
carriers  it  seems  likelv  that  all  these  substances  are  capable  of 
forming  dissociating  halogen  addition  compounds  which  belong 
to  the  polyhalogen  type." 

Cohen,  Davison,  Blockey,  and  W'oodmansey  ^■'"  called  atten- 
tion to  a  change  in  color  when  moist  chlorine  acted  on  toluene 
in  the  presence  of  light.  The  toluene  gradually  assumed  the 
yellow  color  of  chlorine.  If  hydrochloric  acid  gas  was  passed  in 
simultaneously,  the  yellow  color  disappeared,  but  reappeared 
when  the  hydrochloric  acid  was  cut  off.  Tn  the  dark  the  yellow 
color  w'as  retained  in  the  presence  of  hydrochloric  acid.  In  some 
cases  the  color  is  retained  after  washing  the  product  until  free 
from  hydrochloric  acid  and  chlorine.  They  suggest  that  a  small 
quantity  of  a  yellow-colored  substance  was  formed.  This  phe- 
nomenon was  to  be  the  subject  of  further  research. 

Haussemann  and  Beck  ^^^  made  the  interesting  observation 
that  side-<:hain  substitution  of  chlorine  in  nitrotoluene  was  greatly 

"'/.  Chew.  Soc.   Trans.,  97,   1623-1636    (1910). 
""Brr.,  25.  2445    (1892). 
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facilitated  1)\  the  presence  of  sulphur.  Sulphur  thus  appears  to 
act  differently  from  the  u>ual  carriers,  such  as  ferric  chloride, 
molybdenum  chloride,  antimony  chloride,  iodine  chloride,  pyridin, 
and  aluminum-mercury  coui)le,  which  l)ring;  about  nuclear  substi- 
tution. 

The  boiling-points  of  the  chlorine  derivatives  of  toluene  are 
given  by  Rosenthaler.^^^ 

EFFECTS    OF    CHEMICALLY    ACTING    RAYS    ON    NITROGEN    COMPOUNDS    WITH 
SPECIAL    REFERENCE    TO    TRINITRO-TOLUENE. 

There  are  several  references  in  the  literature  to  the  action 
of  light  on  nitrogen  compounds,  its  action  on  the  nitro-explosives 
being  particularly  interesting  and,  in  view  of  the  existing  con- 
ditions in  Europe,  of  no  small  importance. 

Abel  ^^^  reported  experiments  on  the  action  of  light  on  gun- 
cotton  conducted  by  him  about  1867.  A  sample  very  carefully 
washed  and  dried  was  exposed  in  a  closed  vessel  to  diffused  sun- 
light for  three  years.  A  piece  of  litmus  paper  enclosed  with  it 
turned  red  in  three  months  and  was  bleached  within  twelve 
months.  After  twelve  months  the  cotton  possessed  a  faint  but 
decided  cyanic  odor.  No  nitrous  vapors  were  perceptible  at  any 
time,  though  the  odor  was  apparent  during  the  latter  part  of  the 
experiment.  Although  the  gun-cotton  showed  no  change  in 
explosive  power,  strength  of  fibre,  or  other  noticeable  properties, 
the  above  observations  indicate  decomposition.  The  results  ob- 
tained up  to  that  time  by  exposure  of  gun-cotton  to  light  were 
reported  to  be  as  follows :  Exposure  to  strong  daylight  and  to 
sunlight,  either  in  the  open  or  in  confined  spaces,  for  a  few  days 
(two  or  three),  develops  in  the  gun-cotton  a  very  faint  aromatic 
odor;  and  if  litmus  paper  is  allowed  to  stand  in  close  contact 
with  the  confined  material  it  acquires  a  rose-colored  tinge  similar 
to  that  produced  by  carbonic  acid,  and  recovers  its  original  color 
after  brief  exposure  to  air.  If,  after  exposure  to  light  in  open 
air  for  some  days,  the  gun-cotton  is  placed  in  the  dark,  in  con- 
tainers which  are  not  air-tight,  the  odor  gradually  becomes  less 
distinct.  If,  however,  the  packages  containing  the  gun-cotton 
are  air-tight,  the  odor  and  action  upon  litmus  do  not  increase 
durino-  storaee  for  several  \'ears.     On  exposure  for  protracted 

^^^"Der  Nachweis  organischer  Verbindungen,"  1914,  p.  464. 
^*'"  MacDonald,  Arms  and  Explosives,  17,  150-152  (1909). 
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periods  to  (laylij^lit,  with  free  excess  ul  air,  gun-cotiuii  speedily 
loses  all  odor  and  power  of  affecting  litmus.  If  exix)sure  to 
diffused  daylight  in  confined  spaces  be  continued  the  first  effects 
of  the  action  of  light  are,  of  course,  retained,  but  no  evidences 
of  increased  action  have  lH?en  observed.  The  very  faint  acid 
reaction  found  in  the  early  stages  of  decomposition  was  not 
always  evident  later,  probably,  it  is  thought,  because  the  acid  was 
neutralized  by  the  small  quantities  of  earthy  carbonates  present 
in  the  cotton.  On  exposure  of  the  material  in  an  air-tight  space 
to  the  action  of  sunlight  or  strong  daylight  there  appeared,  after  a 
time,  much  greater  evidence  of  change  than  that  already  de- 
scribed. The  acidity  gradually  became  more  decided,  the  odor 
increased,  the  presence  of  nitrous  oxide  was  apparent,  and  litmus 
paper  confined  in  the  vessel  with  the  cotton  became  bleached  in 
three  or  four  months. 

Reference  is  made  to  the  work  of  DeLuca,  who  reported 
apparent  change  in  the  gun-cotton  after  very  short  periods  of 
exposure  to  light  (one  day  or  several  days).  These  results, 
however,  are  at  variance  with  those  reported  by  MacDonald.^^^ 
Experiments  showed  that  dry  gun-cotton  undergoes  very  slight 
decomposition  when  exposed  to  strong  daylight  in  closed  vessels, 
either  containing  air  or  exhausted.  In  about  three  years  the 
explosive  value  w^as  found  to  have  diminished.  This  was  at- 
tributed to  the  formation  of  lower  cellulose  products  from  the 
trinitro-cellulose.  It  was  noted  that  on  washing  the  cotton  with 
dilute  alkali  the  residue  had  useful  explosive  properties  and  ex- 
hibited no  greater  tendency  to  change  than  the  original  material. 

The  change  in  sunlight  w^as  found  to  be  more  rapid  in  a 
moist  atmosphere,  and  it  was  further  found  that  the  rate  of 
decomposition  was  dependent  on  the  purity  of  the  product. 

It  may  be  noted  that  when  gun-cotton  is  heated  graduallv  to 
204°  or  205°  ^^-  it  becomes  dark  brown,  quite  friable,  and  is 
deprived  of  its  explosive  properties. 

According  to  Kassel,^^^  nitro  bodies  are  reduced  to  amido 
bodies  by  the  action  of  light  in  the  presence  of  alcohol.  The 
part  played  by  alcohol  has  not  been  established. 

Berthelot  and  Gaudechon  ^^^  showed  that  various  kinds  of 

'''Loc.  cif. 

"'MacDonald,  loc.  cit. 

^"J.  Suisse  de  Chimie.  Pharm.,  47,  722-724   (1909). 

^**Compt.  rend.,  153.  1220-1223  (1911). 


86o  11.  11.  Clstis.  [Ji'-I. 

sniukeless  powders  were  decomposed  by  exposure  to  ultraviolet 
rays  in  a  manner  similar  to  that  due  to  the  influence  of  natural 
agents — heat,  humi(hty,  and  action  of  air.  Samples  of  ten  different 
varieties  of  powder  were  confined  in  quartz  tuljes  over  mercury 
in  atmospheres  of  different  gases  and  exposed  to  the  rays  from  a 
mercury  quartz  arc.  The  temperature  was  kepi  below  the  point  at 
which  the  pow'der  under  test  would  decompose.  They  all  evolved 
carbon  dioxide,  carbon  monoxide,  nitrogen,  nitrous  oxide,  and 
nitric  oxide.  These  observers  noted  the  absence  of  hydrogen  and 
methane,  which  are  products  always  found  when  explosion  takes 
place.  They  point  out  that  the  acceleration  of  spontaneous  decom- 
position of  powder  when  subjected  to  the  action  of  ultraviolet  rays 
furnishes  the  elements  of  a  new  and  precise  method  of  investi- 
gation. Such  a  method  would  serve  as  an  admirable  substitute 
for  the  widely  used  heat  tests  for  the  control  and  complete  exam- 
ination of  the  stability  of  powder. 

These  authors  ^^'"*  exposed  difTerent  grades  of  powders  in 
atmospheres  of  different  gases  to  ultraviolet  light  from  a  mercury 
quartz  lamp.  They  found  that  oxygen  was  absorbed  and  con- 
verted into  carbon  dioxide.  Hydrogen  was  converted  into  CHg 
(?)  and  water.  Carbon  dioxide  w^as  absorbed  at  25°  to  40°, 
but  at  75°  more  carbon  dioxide  was  evolved  from  the  powder. 
They  pointed  out  that  the  decomposition  of  these  powders  by 
light  yielded  the  same  products  as  slow  decomposition  due  to 
heat,  moisture,  etc.  The  presence  of  atmospheric  nitrogen  did 
not  prevent  the  evolution  of  nitrogen  from  the  powders,  but  in 
the  presence  of  carbon-  dioxide  there  was  no  carbon  dioxide 
evolved.  Nitro-cellulose  powders  suffered  no  change  in  appear- 
ance, but  change  in  color  and  exudation  of  nitroglycerin  resulted 
with  powders  containing  nitroglycerin.  These  authors  also  found 
that,  while  picric  acid  w^as  slightly  affected  by  the  light,  am- 
monium picrate  was  not.  They  called  attention  to  the  possible 
effect  on  the  results  of  those  stability  tests  in  which  the  explosive 
is  heated  in  carbon  dioxide,  and  recommend  nitrogen  in  its 
place.  One  such  test  is  the  "  Will  Test,"  which  is  extensively 
used  in  Germany. 

Wohler^^^  showed  that  on  exposure  to  sunlight  or  to  ultra- 

^^^Compf.  rend.,  154,  201-203,  514-517   (1912). 

"*Z.  org.  Chem.,  24,  2095  (1911)  ;  also  see  Wohler  and  Krupko,  Ber.,  46, 
2045-2057   (i9i3)- 
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violet  light  the  nitrides  were  very  quickly  decuniposed  into  the 
metal  and  nitrogen.  The  metal  he  was  able  tu  detect  micro- 
scopically, and  the  presence  ui  nitrogen  by  means  of  a  manom- 
eter,^"' While  these  substances  are  the  same  as  are  produced 
by  explosion,  W'ohler  claimed  that  the  decay  caused  b\'  light  took 
place  only  at  the  surface,  the  under  layers  being  protected  by  the 
opaque  layer  thus  formed,  and  that,  in  consequence,  the  explosive 
properties  of  the  substance  were  practically  unimpaired  for  com- 
mercial purposes. 

The  color  that  is  produced  by  the  action  of  light  on  the 
nitrides  W'ohler  attributed  to  the  liberation  of  the  free  metal  in 
colloidal  form.  Incidentally,  he  draws  a  comparison  between 
this  conduct  of  the  nitrides  and  the  similar  conduct  of  the  silver 
halides,  and  attributes  the  color  produced  in  silver  chloride  by 
the  action  of  light  to  the  liberation  of  metallic  silver  in  colloidal 
form,  rather  than  to  the  production  of  subhalides. 

Xeitzel  ^^^  refers  to  the  work  of  W'ohler,  stating  that  it  is 
still  conceivable  that  there  is  a  light-sensitiveness  in  the  under 
layers  of  nitride.  He  further  points  out  that  the  dangerous 
auto-decomposition  of  large  crystals  which  can  take  place  even 
under  water  may  be  attributed  less  to  the  forces  postulated  by 
W'ohler  "  in  his  crystal  tension  hypothesis  "  than  to  the  influence 
of  light.  He  also  calls  attention  to  the  necessity  for  confirmation 
of  Wohler's  observation  that  the  detonating  power  is  not 
changed  by  the  influence  of  light.  Neitzel  refers  to  the  sus- 
ceptibility of  the  nitrides  to  action  of  light  as  a  possible  dis- 
advantage of  their  use  in  detonators. 

Another  explosive  which  has  been  the  subject  of  experiment 
is  synthetic  trinitrotoluene.  According  to  Molinari  and  Ouar- 
tier,^^^  this  substance  remains  completely  unaltered  in  dry  or 
damp  air  in  the  dark.  When  exposed  tO'  bright  daylight,  how- 
ever, it  becomes  brown  slowly  on  the  surface.  This  brown 
product  w^as  investigated  by  Doctor  Milani,  of  the  Societa  Italiana 
Prodotti  Explodenti.  The  original  substance  was  solid  at  80.4'^ 
and  left  0.03  per  cent,  residue  in  acetone  solution.  By  longer 
illumination,  with  freq'uent  shaking,  the  solidifying  point  sank 
first  to  80°,  then  gradually  to  7Q.6°.    The  product  left  from  0.05 

^"  Z.  Aug.  Chem.   (1911-1912). 

^^Z.  gcs.  Schicss-Sprengstoffw.,  %,  211    (1913). 

'''Ibid.,  8,  405-407  (1913). 
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per  cent,  to  o.  lo  per  cent,  insoluble  residue  in  acetone  solution. 
Molinari  and  Cliua  showed  that  the  melting-point  of  trinitro- 
toluene was  lowered  to  74'^  by  exposure  to  daylight  for  three 
months  in  an  open  flask,  and  that  if  the  flask  was  evacuated  the 
jjrowning  was  decidedly  less  and  the  melting-point  was  lowered 
only  0.6 '^. 

In  view  of  the  similarity  in  action  between  heat  and  light, 
referred  to  above,  in  connection  with  the  action  of  light  in  the 
formation  of  chlorine  compounds,  it  is  interesting  to  note  the 
observations  of  Verola.^'^  This  investigator  found  that  there 
was  a  decomposition  of  trinitrotoluene  at  temperatures  much 
below^  the  point  at  which  it  would  deflagrate  in  air.  He  also 
noted  that  a  previous  heating  of  trinitrotoluene  lowered  its  melt- 
ing-point. On  heating  a  sample  that  had  an  original  melting- 
point  of  80.75°  ^O'^  fi^^  hours  at  180°  the  melting-point  was 
reduced  to  78°  ;  two  and  one-h^lf  hours  at  217.5°  gave  a  product 
having  a  melting-point  of  59°.  Continued  heating  at  130° 
for  one  hundred  hours  had  no  effect,  while  80  hours'  heating  of 
the  same  sample  at  150°  reduced  the  melting-point  to  80.25°, 
and  177  hours'  heating  at  150°  gave  a  further  reduction  tO'  79.9°. 
He  says  that  it  is  evident  that  the  explosive  is  very  stable  at  130°, 
decomposition  beginning  at  about  150'  and  increasing  rapidly  as 
the  temperature  rises.  He  considers  trinitrotoluene  to  be  perfectly 
stable  at  ordinary  temperatures. 

Those  who  are  interested  in  the  true  melting-point  of  trini- 
trotoluene are  referred  to  the  work  of  Comey,^"^  who  found  it 
to  be  between  80.5°  and  80.6°,  and  to  the  later  work  of  Rin- 
toul,^"^  who  gives  it  as  lying  between  80.8°  and  80.85°. 

Particular  attention  in  this  work  has  been  paid  to  the  variation 
in  melting-point  of  trinitrotoluene  because  of  its  importance  in 
grading  the  product  with  respect  to  its  purity. 

It  was  suggested  that  additional  information  relative  to  the 
effect  of  light  on  trinitrotoluene  would  be  of  value.  Before 
reporting  experiments  on  this  research,  however,  it  would  seem 
to  be  of  advantage  to  call  attention  to  the  effect  of  light  on 
other  nitrogen  compounds. 

The  fact  that  sunlight  will  cause  decomposition  of  nitric  acid 

""/^iW..  7,  97. 

"V.  Ind.  Eng.  Chem.,  2,  103    (1910). 

^'V.  Soc.  Chem.  Ind.,  34.  60-61    (1915). 
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has  been  known  for  a  lon^  time.  'J1ic  first  report  of  systematic 
study  of  the  prol)lcm  did  not,  however,  appear  until  1898.  In 
that  year  LkM-thelot  ^'-^  showed  that  the  decomposition  products 
oi  nitric  acid  pnxhiced  under  the  inlUience  of  h^lit  are  the  same 
as  those  obtained  when  the  anhydrous  acid  is  heated  in  tubes  to 
ICK)'  in  the  dark  for  some  hours,  namely,  oxygen,  nitrogen  [y^r- 
oxide.  and  water.  This  reaction,  which  may  be  represented  as 
follows : 

4HNO3  =  2ILO  +  O.  H-  2  N,  0« 

was  found  by  him  to  be  non-reversible.  A  little  earlier  in  the 
same  year  \>ley  and  Manley  ^'"^  pointed  out  that  the  light  ap- 
peared to  act  only  on  the  vapor  and  not  on  the  liquid.  This 
interesting  observation  was  confirmed  later  by  Reynolds  and 
Taylor.^'^  Reynolds  and  Taylor/'^  contrary  to  the  observation 
of  Berthelot/'^  found  the  reaction  to  be  reversible,  the  products 
of  decomposition  of  nitric  acid  by  light  recombining  in  the  dark. 
This  was  in  accordance  with  the  results  obtained  in  the  study 
of  other  reactions  in  which  nitric  acid  took  part.  They  illus- 
trated the  rate  of  decomposition  and  recombination  by  a  series  of 
curves.  They  further  proved  that  pure  anhydrous  nitric  acid 
decomposes  very  slowly  in  the  dark,  giving  the  same  products 
of  decomposition  as  are  found  in  the  light. 

That  nitrates  also  are  decomposed  by  light  w^as  found  by 
Thiele,^'^  who  obtained  24  milligrammes  of  NgOo  on  exposure 
of  100  cubic  centimetres  of  a  one-tenth  normal  solution  of  potas- 
sium nitrate  in  a  qtiartz  flask  to  the  rays  from  a  mercury  quartz 
lamp. 

Later,  Berthelot  and  Gaudechon  ^'^  found  that,  on  exposure 
to  ultraviolet  rays  from  a  mercury  quartz  light,  solutions  of 
ammonia  placed  three  to  six  centimetres  from  the  lamp  were 
oxidized  in  the  presence  of  pure  oxygen  or  air  to  nitrites.  Thev 
state  that  nitrates  were  in  no  case   formed.     Ammonium  salts 


^'^Compt.  rend.,  127,  143   (1898). 
^''Phii  Trans.,  191,  365  (1898). 

""/.   Chevi.   Soc.   Trans.,   loi,    131-140    (1912)  ;   Proc.    Chem.   Soc,   27, 
306  (1911). 
"'Loc.  cit. 
^''  Loc.  cit. 
"^  Ber.,  40,  4910. 

"^Compt.  rend.,  152,  522-542  (1911). 
Vol.  184,  No.  1104 — 59 
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were  alsi)  oxidized  to  nitrites,  the  action  being  slower  in  the  case 
(j1  snlphates  and  chlorides  than  in  the  case  of  carbonates. 

it  is  interesting  to  note  in  this  connection  that  the  nitrates 
I'onnd  in  meteoric  waters  are  attributed  to  electric  discharges 
taking  place  in  the  airj*^" 

it  is  also  interesting  to  note  in  this  connection  that  Thomp- 
son ^•'''  found  aniuionia  was  strong!)-  ionized  by  ultraviolet  light, 
it  may  be  added  that  Thompson  observed  that  the  ultraviolet 
ra\s  are  absorbed  tO'  such  an  extent  by  passage  through  three 
millimetres  of  air  at  atmospheric  pressure  that  they  lose  their 
ionizing  energy  almost  entirely,  ijerthelot  and  Gaudechon  ^^~  also 
report  the  formation  of  formamide  from  carbon  monoxide,  and 
ammonia  gas. 

Baker  ^**^  found  that  B.  p-nitrophenol,  a  yellow  compound, 
slowly  turned  red  on  exposure  to  sunlight. 

Ivailan^^"^  found  that  the  oxidation  of  o— ,  m— ,  and  p-nitro- 
benzaldehyde  and  benzaldehyde  was  accelerated  by  ultraviolet 
light. 

Benrath  ^*'*  found  that  on  dissolving  various  aliphatic  bodies 
in  dilute  nitric  acid,  containing  a  little  ferric  nitrate,  and  expos- 
ing to  sunlight,  nitrous  oxide,  a  little  carbon  dioxide,  formalde- 
hyde, and  large  quantities  of  hydrocyanic  acid  were  formed. 

Bakunin  ^^^  reported  that  the  precipitate  formed  by  exposing 
to  light  ethereal  solutions  of  the  phenylnitro-indones  had  ex- 
plosive properties. 

Light  also  has  an  effect  on  certain  of  the  alkaloids  and 
similar  nitrogen-containi-ng  substances.  This  branch  of  the  sub- 
ject will  be  treated  under  the  heading  "  The  Effect  of  Light  on 
Nicotine." 

In  considering  the  action  of  light  on  the  nitroderivatives  of 
benzene  and  its  homologues  it  is  well  to  note  the  observation 
of  Suida,^^'  who  found  that  benzene  was  scarcely  affected  by 
the  action  of  light,  but  that  the  susceptibility  rapidly  increased 
with  the  number  of  methyl  groups  present. 

^  Muntz   and  Laine,  Compt.  rend.,  152,   167    (1911). 

^^^  Proc.  Camb.  Phil.  Soc,  14,  417. 

^^'^  Compt.  rend.,  150,  1690-1693   (1910). 

'^^Proc.  Chem.  Soc.,  27,  158. 

^*  Monatsh.,  33,  1305-1327. 

^'V.  prakt.  Chem.,  84,  324-328. 

^^''' Rend.  Accad.  Sci.  Us.  mot  Napoli,  i^j,  375-378. 

^^''  Monatsh.,  33.   1255-1258. 
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Cianiician  and  Silber  ''*■'*  confirnied  the  work  ui  Suida,  that 
btMizcnc  is  not  affected  by  oxygen  and  water,  in  the  presence  of 
hght.  Berthelot  and  Gaudechon '**'•'  state  that  ukraviolet  bght 
has  no  effect  on  benzene.  They  further  {xj'nn  out  that  in  other 
cychc  bodies  (pyrrole,  furfurol,  pyridine,  and  a  few  alkaloids) 
their  behavior  is  in  accordance  with  the  well-known  stability  of 
the  aromatic  nucleus  toward  heat,  light,  and  chemical  reagents. 

In  1906  Regener  ^'*^'  showed  that  ammonia,  nitrous  oxide,  and 
nitric  oxide  were  decomposed  by  ultraviolet  rays  of  short  wave- 
length. In  his  paper  he  refers  to  the  work  of  Berthelot,''"  who 
found  that  nitric  oxide  was  reduced  to  oxygen  and  nitrous  oxide, 
under  the  influence  of  the  silent  electric  discharge.  Here,  again, 
we  have  evidence  of  the  similarity  of  chemical  action  produced 
by  light  and  by  the  silent  electric  discharge  referred  to  above  in 
the  discussion  of  the  action  of  light  on  chlorine.  Further  con- 
sideration of  these  phenomena  may  add  weight  to  the  hypothesis 
of  \\'arburg.^^-  that  the  action  of  the  silent  electric  discharge 
was  dependent  on  the  ultraviolet  rays  present  in  the  discharge. 

Berthelot  and  Gaudechon  ^^^  found  that  ammonia  could  be 
decomposed  by  ultraviolet  light,  but  that  it  could  not  be  similarlx 
synthesized  from  the  elements,  hydrogen  and  nitrogen.  Coehn 
and  Prigent^'^"^  found  that  ammonia  was  completely  decomposed 
by  ultraviolet  light.  Davies  ^^^  found  that  the  reaction  between 
nitrogen  and  hydrogen  under  the  influence  of  the  silent  electric 
discharge  was  reversible.  Regener  ^^^  showed  that  ammonia 
was  decomposed  by  the  silent  electric  discharge  and  also  by  the 
ultraviolet  light. 

The  reversibility  of  the  reaction  between  nitrogen  and  hydro- 
gen was  also  pointed  out  by  Smiths  and  Aten.^^'  who  reported  the 
synthesis  of  ammonia  from  its  elements  under  the  intiuence  of 
the  rays  from  a  quartz  mercury  light.     Coehn  ^^^  and  Coehn  and 

^^  Ber.,  46,  417-422. 

^^  Compt.  rend.  152,  262,  376-378   (191 1). 

^^  Ann.  Phys.,  20,  1033-1046  (1906). 

'""^Compt.  rend..  82,  1360   (1876). 

'''Loc.  cit. 

^^^Compt.  rend.,  156,  1243  (1913). 

^^Z.  Electrochemie,  20,  275-278    (1914). 

"°Z.  physik.  Chcmie,  64.  657   (1908). 

^"^Berl.  Akad.  Ber.,  1228  (1904). 

^''  Loc.  cit. 

^^^  Jahrb.  Radioakt.  Elektronik.,  7,  577  (1911). 


866  II.   11.  CusTis.  IJl'-I- 

PriiiciU  '•'•'  arc  iiu-lincd  lo  doiihl  the  validity  of  the  results  ob- 
tained by  Smiths  and  Aten,  pointing  out  that  the  waves  of  short 
wave-length,  which  would  be  effective  in  this  reaction,  are  ab- 
sorbed by  ({uartz.  They  also  point  out  that  Warburg-^"  showed 
that  the  percentage  of  ultraviolet  rays  absorbed  by  the  mixed 
gases,  nitrogen  and  hydrogen,  was  about  the  same  as  by  pure 
ammonia.  In  this  connection  it  is  interesting  to  note  the  observa- 
tion of  Davies,-^'^  that  the  decomposition  of  ammonia,  under 
the  influence  of  the  silent  electric  discharge,  is  independent  of 
the  discharge. 

lierthelot  and  Gaudechon  -^^  report  that  ultraviolet  rays 
produce  no  appreciable  effect  on  air  or  mixtures  of  oxygen  and 
nitrogen,  but  that  nitrous  oxide  alone,  or  mixed  with  oxygen  and 
nitric  oxide,  is  decomposed  with  the  formation  of  free  nitrogen 
and  nitrous  and  nitric  acids. 

Other  compounds  which  contain  nitrogen  that  are  influenced 
by  ultraviolet  light  were  reported  by  the  same  observers.  They  -'^^ 
found  that  cyanogen  in  the  presence  of  oxygen  was  practically 
completely  oxidized  to  carbon  dioxide  and  nitrogen.  Cyanogen 
in  the  absence  of  oxygen  was  found  by  them^^^  to  form  para- 
cyanogen.  They  also  found  that  a  mixture  of  ammonia  and 
oxygen  yields  nitrogen  and  water,  and  that  ammonium  nitrate 
was  reduced  to  nitrogen. 

Ciamician  -^^  reported  the  synthesis  of  complex  mixtures 
when  hydrochloric  acid  acted  on  acetone  in  the  presence  of  light. 

Berthelot  and  Gaudechon  ^^^  also  found  that  urea  decomposed 
under  the  influence  of  ultraviolet  light,  evolving  seven  volumes 
of  carbon  dioxide,  65  of  hydrogen,  and  28  of  methane;  an  aque- 
ous solution  of  urea  gave  84  volumes  of  hydrogen  and  16  of 
methane.  The  residual  solution  was  found  to  possess  reducing 
properties,  and  to  contain  ammonia  and  ammonium  carbon- 
ate. By  treating  aq^ueous  solutions  of  ammonia  with  air  or 
oxygen  in  the  presence  of  ultraviolet  light  Berthelot  and  Gaude- 


"^Loc.  cit. 

^'^ BerJ.  Akad.  Ber.,  746  (1911)  ;  216  (1912), 

''^Loc.  cit. 

^'^^Compt.  rend.,  150,  1517-1520  (1910). 

^^  Compt.  rend.,  150,  1327-1329  (1910). 

'^^Compt.  rend.,  151,  1169-1172  (1910). 

'"^  See  Kassel,  loc.  cit. 

^''Compt.  rend.,  151,  478-481  (1910). 
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chon -""  obtaiiicil  nitrous  acid.  Ammoniuin  salts  gave  nitrites. 
They  state  that  nitroj^enation  of  various  suljstances  has  been 
acconiphshed.  'Hiev  point  out  that  tlie  transformation  of  or^^^anic 
nitrogen  t(^  aninioniacal  nitrogen  is  the  first  stage  of  nitrogenation 
of  urea  l)y  ultraviolet  rays,  as  is  the  case  when  nitrogenation  is 
caused  b\-  the  enzymes.  They  further  found  that  nitrates  could 
be  reduced  to  nitrites.  They  point  out  the  analogy  between 
the  reduction  of  ammonium  nitrate  to  nitrogen  under  the  influ- 
ence of  ultraviolet  light,  referred  to  above,  and  the  reduction 
produced  by  heat.  They  refer  to  the  observation  of  Lombard,-'"^ 
that  potassium  nitrate  was  reduced  to  potassium  nitrite  during 
sterilization  of  water  by  ultraviolet  rays. 

Ciamician,-^^  in  an  address  before  the  Societe  de  Chimie  de 
France,  reported  an  unsuccessful  attempt  to  synthesize  acid  atnides 
from  hydrocyanic  acid  by  the  action  of  light.  Although  the 
attempt  failed,  he  states  that  the  investigation  is  to  be  continued. 

EFFECTS    OF    LIGHT    ON     NICOTINE    SOLUTION. 

It  has  been  known  for  some  time  that  solutions  of  nicotine 
change  in  strength  with  age  when  stored  under  different  varying 
conditions.  Of  the  several  factors  which  might  have  an  effect 
on  these  changes,  that  of  the  action  of  light  on  alkaloids  has 
been  the  subject  of  very  little  study.  Inghilleri  -^'^  reports  the 
synthesis  of  alkaloidal  bases  by  the  action  of  sunlight  on  a  mix- 
ture of  formaldehyde,  concentrated  aqueous  ammonia,  and 
methyl  alcohol,  which  was  confined  in  a  sealed  tube  and  left 
exposed  to  sunlight  for  seven  months.  Several  products  having 
basic  properties  and  giving  characteristic  alkaloidal  reactions 
were  isolated.  One  of  these,  a  crystalline  substance,  was  iden- 
tified as  having  the  formula  CcHgNoO.  The  author  gives  dis- 
tinguishing properties  for  this  compound. 

Sernogiotto  and  Hoschek,^^^  in  a  paper  entitled  "  Supposed 
Chemical  Changes  in  Light,"  repeated  the  work  of  Inghilleri, 
but  did  not  obtain  similar  results.  They  found  that  when  for- 
maldehyde and  water  are  exposed  to  light  practically  no  methyl 

'^'  Compt.  rend.,  152,  522-524  (1911). 
'^^  Bull.  Soc.  Chcm.,  No.  6,  vii,  viii  (1910). 
^"^  Bull.  Soc.  Chcm.   (4),  3-4,  i-xxvii,  August  5. 
^^  Z.  phys.  Chcm.,  80,  64-72   (1912). 
Ibid..  90,  437-440    (1914)- 
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alcoliol  is  foniR'd.  When  formaldehyde  and  methyl  alcohol  are 
exposed  methylal  is  produced,  but  no  methyl  formate,  and  that 
a  mixture  of  formaldehyde,  methyl  alcohol,  and  ammonia  yields 
hexamethylenetetramine.  which  they  think  probably  is  Inghilleri's 
new  alkaloid. 

in  the  same  year  Paterno  and  Maselli  -^-  reported  the  photo- 
synthesis of  a  new  alkaloid  from  acetophenone  and  ammonia. 
The  reagents  were  put  in  a  closed  tube  and  exposed  to  light  for 
several  months.  A  crystalline  compound  which  was  formed 
w^as  found  to  have  the  composition  indicated  by  the  formula 
CisHisNo.  The  authors  describe  the  properties  of  this  product 
in  detail.  Other  than  these  researches,  little  can  be  found,  ex- 
cepting that  which  relates  to  the  absorption  effects  of  light  pro- 
duced by  certain  alkaloids  in  solution. 

Paterno, ^^^  in  his  conclusion  to  a  series  of  papers  on  the  syn- 
theses in  organic  chemistry  by  means  of  light,  states  that  the 
formation  of  organic  nitrogen  compounds  in  indefinite  amounts 
by  the  reduction  of  nitrates  in  the  light  in  the  presence  of  organic 
substances  may  be  a  fruitful  field  for  research;  he  refers  to  the 
synthesis  of  photo-acetophenine  and  its  analogues,  and  suggests 
that  the  possibility  of  introducing  into  vegetable  alkaloids  of 
great  physiological  activity  complex  lateral  chains  is  capable  of 
having  great  pharmacological  importance. 

Just  recently,  Ciamicion  and  Silber,-^^  who  have  done  con- 
siderable work  on  the  chemical  action  of  light  and  different 
types  of  substances  and  different  types  of  reactions,  reported 
the  auto-oxidation  of  nicotine  and  piperidin  under  the  influence 
of  light.  Their  experiments  on  nicotine  were  carried  out  as 
folloAvs : 

Tw^elve  grammes  of  nicotine  in  loo  c.c.  of  water  was  placed 
in  each  of  three  five-litre  flasks  with  oxygen  and  left  in  the  light 
from  May  to  November.  The  solution  became  a  deep  yellow,  its 
reaction  faintly  acid,  and  the  oxygen  was  almost  completely 
used  up.  After  diluting  the  contents  of  the  flasks,  an  excess 
of  barium  carbonate  was  added  and  the  product  distilled  with 
steam.  Both  the  distillate  and  residue  were  examined.  In  the 
distillate  were   found  unchanged  nicotine,  a  small  quantity  of 

^^^  Gazz.  Chim.  Ital,  42,  65-75   (1912). 
^^^  Gazz.  Chim.  Ital.,  44,  463-475  (1914). 
^''Ber.,  48,  181-187    (1915). 
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ammonia,  and  mclhvl  amine.  I'Vom  the  residue  tlicre  was  iso- 
lated a  lari^e  quantity  of  a  prcKluct  liavin.!L(  the  same  composition 
as  the  oxynicotine  of  Pinner  and  W'olffernstein.-'''  and  lieil- 
stein,-'*'  but  a  different  melting-point  for  its  picric  acid  salt  and 
nicotinic  acid.  They  say.  in  conclusion,  that  the  auto-oxidation 
of  nicotine  under  the  influence  of  light  furnishes,  besides  a  tar- 
like product  as  a  principal  product,  oxy-nicotine,  which  by  fur- 
ther oxidation  yields  nicotinic  acid  and  meth\l  amine.  The  re- 
actions involved  can  be  represented  thus  : 

QoHi,No->C,oH,,OX,-^  (C,.11,X)C0011  +  HX^.CIL 

Nicotine  Oxy-nicotine  Nicotinic  acid  Methyl  amine 

Dobbie  and  Fox  -^"  made  a  study  of  the  relation  between  the 
absorption  spectra  and  constitution  of  piperine,  nicotine,  cocaine, 
atropine,  hyoscyamine,  and  hyoscinc.  and  confirmed  a  previous 
conclusion,-^'*  that  the  absorption  spectra  of  the  alkaloids  con- 
taining reduced  and  unreduced  nuclei  are  the  same  as  those  of 
unreduced  nuclei. 

^lichand  ^^^  investigated  various  inorganic  and  organic  sub- 
stances with  the  object  of  noting  their  behavior  toward  ultra- 
violet light,  and  found  that  certain  of  the  alkaloids  do  not  reflect 
ultraviolet  rays.  He  suggests  a  possible  relation  between  this 
property  and  physical  and  chemical  properties  and  possible  appli- 
cation to  analytical  chemistry. 

Compel,  Marcel,  and  Henri  --^^  report  a  (|uantitative  study 
of  the  absorption  of  ultraviolet  rays  by  alkaloids,  and  have 
applied  a  method  for  quantitative  determination  of  alkaloids 
in  body  fluids  and  tissues  by  means  of  the  ultraviolet  absorption 
spectra  to  alkaloids  of  the  piperidine  and  pynolidine  group. 

These  absorption  effects  are  referred  to  because  of  their  con- 
nection with  the  principle  that  when  light  is  absorbed  it  tends 
to  produce  a  chemical  change. 

Berthelot    and    Gaudechon  --^    report    experiments    on    the 

"^'^Bcr.,  24,  64  (1891)  ;  25,  1428  (1892)  ;  28,  460  (1895)  ;  34,  2412  (1901). 
=^"  IV,  858. 

^^'  Prac.  Chem.  Soc,  29,  180;  7.  Chem.  Soc,  103.  1 193-6. 
-"  Cf.  Dobbie  and  Lauder,  C.  A.,  5,  3563  (1911),  and  Dobbie  and  Lauder, 
C.  A..  6.  1284  (1912). 

Arch.  Sci.  Phys.  Nat.,  33,  498;  Sci.  Am.  Sup.,  75.  5  (1913). 
Compt.  Rendu.  Soc.  Biol,  74,   1066-1068;   Conipt.  Rendu.,   116,   1541- 
1544- 

^'^  Compt.  rend..  152,  376-378   (1911). 
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"  Comparative  Action  of  Ultraviolet  Rays  on  Organic  Com- 
pounds of  the  Straii^ht  Chain  and  Cyclic  Structure."  Among 
the  substances  studied  by  them  were  pyridine  and  nicotine.  They 
state  that  the  untraviolet  rays  do  not  produce  any  gases  with  any 
of  the  bodies  studied ;  that  there  was  no  change  in  color,  and  no 
visible  alteration.  They  say  that  the  results  are  different  with 
addition  compounds  in  which  the  double  bonds  of  the  nucleus 
have  disappeared.  Hiey  call  attention  to  the  fact  that  certain 
bodies  such  as  hexahydrobenzene  offer  intermediate  properties 
between  aliphatic  hydrocarbons  and  aromatic  hydrocarbons.  They 
observed  that  piperidine  (hexahydropyridine)  is  decomposed  by 
ultraviolet  rays  with  fonnation  of  pure  hydrogen.  The  pyridine 
nucleus  has  alternate  single  and  double  bonds  which  form  a 
stable  compound,  while  the  piperidine  nucleus  has  single  bonds, 
forming  a  compound  unstable  toward  the  action  of  light.  The 
authors,  however,  do  not  give  the  source  of  the  light  used,  the 
distance  from  this  source,  or  the  length  of  time  of  exposure  to 
the  light. 

HYDROGENATION    OF    OLEIC    ACID    BY    LIGHT    AND    ELECTRIC    DISCHARGE. 

One  of  the  interesting  problems  of  chemistry  has  been  to 
change  the  unsaturated  hydrocarbons  into  saturated  compounds 
by  direct  addition  of  hydrogen.  A  special  case  of  such  a  trans- 
formation has  been  of  particular  interest  because  of  the  great 
commercial  value  of  some  of  the  products  formed  by  hydrogena- 
tion  of  fatty  oils.  As  an  illustration  of  a  decided  change  in  the 
physical  properties  of  aji  oil  may  be  cited  the  change  produced 
in  cotton-seed  oil  by  hydrogenation,  the  untreated  oil  being  liquid 
at  ordinary  temperatures,  while  the  treated  oil  is  a  solid  at  ordi- 
nary temperatures.  An  example  of  a  pure  chemical  substance 
which  undergoes  a  similar  change  in  physical  properties  is  oleic 
acid,  which  by  hydrogenation  is  converted  into  stearic  acid. 

There  are  many  successful  methods  for  hydrogenation  of  the 
unsaturated  acids,  most  of  them  requiring  the  use  of  metal  cata- 
lyzers. Several  methods  have  been  proposed  which  involve  elec- 
trolytic processes,  and  the  use  of  light  has  been  proposed  in  still 
other  methods.  Particular  attention  is  called  to  the  references 
hereafter  mentioned  which  describe  methods  employing  electricity 
and  light. 

The  possibility  of  the  use  of  electricity  to  bring  about  the 
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cuinl)inalii)ii    ol    liydrugcii    with    ulcic    acid    was    suggcsicd    by 
W  ciiu'cli.--- 


l.akT,  Kncss  --'  attempted  to  apply  the  electric  current  in  con- 
junction with  steam  distillation  of  fatt\'  acids.  Alagnier,  Jirag- 
nier,  and  Tissier,--^  attempted  the  hydrogenation  of  oils  and 
fatty  acids  by  nascent  hydrogen  produced  by  electrolysis. 

Later,  i  leniptinne --"'  reported  satisfactory  results  by  making 
use  of  a  method  in  which  the  fatty  acid  was  brought  in  contact 
with  hydrogen  in  the  presence  of  a  silent  electric  discharge. 

Hemptinne  performed  experiments  using  several  types  of 
apparatus.  The  first  experiments  were  done  with  an  apparatus 
resembling  an  ozonizer,  the  current  being  supplied  by  a  Kuhm- 
kortY  coil.  Later,  experiments  were  performed  using  a  n^.odihcd 
form  of  apparatus  and  a  TqsIsl  coil. 

An  attempt  was  made  by  Hemptinne  --^  to  discover  a  quanti- 
tative relation  between  the  quantity  of  substance  transformed  and 
the  intensity  of  the  current.  It  w^as  found,  however,  that  there 
is  not  always  a  proportionality  between  the  quantity  of  substance 
transformed  and  the  intensity  of  the  current.  For  a  given  in- 
tensity of  current  the  quantity  transformed  reached  a  maximum, 
which  varied  with  the  pressure  for  a  definite  size  discharge  space. 

It  was  pointed  out  that  it  w^as  necessary  for  the  current  to 
act  simultaneously  on  both  liquid  and  gas  to  obtain  satisfactory 
results.  He  concludes,  from  a  research  made  on  the  influence  of 
polarity,  "  that  the  action  is  independent  of  the  electric  particles 
of  one  or  the  other  signs." 

Hemptinne  lays  great  emphasis  on  the  observation  that  there 
is  no  direct  proportionality  between  the  intensity  of  the  current 
and  quantity  of  material  transformed.  "  But,"  he  says,  ''  if  one 
admits  that  the  passage  of  the  electricity  does  not  interfere  w^ith 
the  electric  particles,  it  is  necessary  to  conclude  that  these  play 
only  an  indirect  role  in  the  phenomena.'*  ''  This,"  he  adds,  '*  is 
not  the  same  as  in  electrolysis  of  liquids,  where  there  is  always 

"^^  Osterr  PriviL,  10,  400,  July  19  (t886)  ;  fr.  Ellis,  "  Hydrogenation  of 
Oils."  13. 

"^Chem.  Ztg.,  618  (1896). 

'^British  Patent  3363,  1900;  German  Patent  126,446  October  3,  1899, 
and  German  Patent   132,223;  Ellis,  loc.  cit. 

^"^  Bull.  Soc.  Chcm.  belg.,  26,  55-63  (1912)  ;  U.  S.  Patent  797,112,  August 
I5>  1905*  fr.  Ellis,  loc.  cit. 

^-"Loc.  cit. 
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parallelism  between  chemical  activity  and  the  number  of  ions.'' 
l>ecause  of  the  complicated  nature  of  the  action  produced  by 
prolonged  use  of  the  current  he  believes  it  is  impossible  to  dravv' 
positive  conclusions. 

Ilemptinne  found  that  the  yield  was  dependent  upon  a  great 
number  of  conditions,  and  called  attention  to  the  differences  in 
yield  which  were  functions  of  the  period  of  vibration  of 'the  cur- 
rent, current  density,  pressure  of  the  gas,  temperature  of  the 
li(iuid.  and  space  through  which  the  discharge  passed. 

In  view  of  the  observation  of  Russ,^^'  which  indicates  that 
the  action  of  the  silent  discharge  in  accelerating  the  reactions 
between  chlorine  and  benzene  is  due  to  light  rays,  it  is  suggested 
that  the  effects  brought  about  with  the  apparatus  used  by  Hemp- 
tinne  would  be  greatly  intensified  if  an  ozonizer  having  one 
quartz  plate  instead  of  glass  were  used. 

Marie  -"^  was  able  to  reduce  aconitic  acid  to  tricarballylic 
acid,  and  cinnonic  acid  to  phenylpropionic  acid  by  electrolysis  of 
an  acid  solution  of  a  sodium  salt  of  the  acid  tO'  be  reduced. 
There  was  no  dift'erence  in  the  yield  when  different  metals  were 
used  as  cathode. 

Petersen  --^  reported  a  method  for  obtaining  stearic  acid 
from  oleic  acid  by  means  of  an  electric  current  between  nickel 
electrodes  placed  in  an  alcoholic  solution  of  oleic  acid  to  which 
a  mineral  acid  had  been  added ;  as,  for  example,  sulphuric  or 
hydrochloric  acid.  Petersen  tried  also  other  cathode  materials 
than  nickel,  and  found  that  the  results  were  no  more  satisfactory 
with  platinum,  lead,  zinc,  or  mercury  as  cathodes.  Less  satis- 
factory results  were  obtained  by  an  attempt  to  obtain  an  increased 
yield  by  conducting  the  electrolysis  in  alkaline  aqueous  and  alka- 
line alcoholic  solutions. 

A  year  later  Bohringer  and  Sohne,^^^  working  on  the  same 
principle  as  did  Petersen,  reported  better  results  with  other 
electrodes,  especially  cathodes  of  platinized  platinum  and  also 
palladium  electrodes  covered  with  palladium  black. 

Utesher  ^^'^  uses  both  a  silent  discharge  and  a  catalytic  agent 

^^'  Monatsch.,  26,  627-646  (1905). 
^^Compt.  rend.,  136,  1331-1332  (1903)- 
''"Z.  Elekirochem.,  549-553   (1905). 

^'"German   Patents    187,788,    189,332    (1906).     Ellis,   loc.   cit.,  p.   5. 
^^  British  Patent  20,061,  fr.  Ellis,  loc.  cit.,  p.  z?) ;  German  Patents  referred 
to  in  Seinfen  Ztg.,  40.  851   (1913), 


Dec,  191/. 1  Stii>ii:s    i\    A(  ti  n'olukmistkv.  873 

in  the  saturation  of  an  acid  with  li\ dioj^cn.  Later  patents  (jn  a 
process  involvint^  treatment  of  fatty  acids  and  their  j^lycerides 
with  hydroi^^en  in  the  presence  of  catalyzers  and  chemically  actinj^ 
rays  have  heen  taken  out  in  Austria. -'*' 

Utesher -•'•'  also  outlines  a  pnxiess  for  the  liNclroj^enation  of 
the  unsaturated  fatty  acids  or  their  <j^lycerides,  using  the  silent 
electric  dischar^re.  He  states  that  care  was  taken  that  the  "  in- 
duction spark  *'  was  prevented  from  C(jmin^  into  contact  with 
the  fatty  substances,  and  that  only  the  chemically  acting  rays 
of  the  discharge  were  utilized ;  for  example,  those  from  a  mer- 
cury quartz  lamp.  Utesher  als(;  obtained  positive  results  by 
letting  the  silent  electric  discharge  act  on  a  catalyzer,  thus  not 
only  assisting  it  in  maintaining  its  activity,  but  in  actually  in- 
creasing its  effect.  The  apparent  activation  of  the  catalyzer  may 
be  explained  by  the  ionization  of  the  hydrogen  1  wrought  about  by 
photo-electric  forces. 

Utesher. -•''"*  in  a  German  patent,  claims  a  process  for  trans- 
forming the  saturated  fatty  acids  and  their  glycerides  into  satu- 
rated compounds  by  means  of  hydrogen.  The  fatty  substances 
in  the  presence  of  hydrogen  are  subjected  to  the  simultaneous 
action  of  a  metallic  catalyzer  and  the  silent  electric  discharge. 

Gruer,-^^  subjected  fats  and  oils  to  the  action  of  an  electric 
current  of  high  potential, -'^^  and  claims  a  greater  effect  for  both 
current  and  catalytic  substance  when  combined  than  for  either 
when  used  separately.  In  this  connection  it  is  of  interest  to  point 
out  the  observation  of  Farmer  and  Parker  -•"^'  that  ultraviolet 
light  exerts  a  retarding  effect  on  the  catalytic  action  of  colloidal 
platinum  used  for  breaking  down  hydrogen  peroxide. 

Ellis, -•'^^  in  commenting  on  the  work  of  Farmer  and  Parker, 
says  that  it  would  appear  that  exposure  to  ultraviolet  light  may 
be  expected  to  modify  the  rate  of  reaction  in  the  hardening  of 
oils.  In  a  footnote  he  states  that  preliminary  experiments  point 
to  a  reduction  in  the  iodine  number  of  cotton-seed  oil  when 
exposed  to  ultraviolet  light  in  an  atmosphere  of  hydrogen. 

^Seifen  Ztg.,  1298   (1913). 

^"Cem.  Re\-.   Fett,"  Hertz,  hid..  305    (1913)- 

^German  Patent  266.662,  February  18,  191 2. 

*^  French  Patent  453,664,  January  27,  1913. 

""  50,000  to  100,000  volts. 

^  J.  Am.  Chem.  Soc,  1524   (1913). 

^  "  Hydrogenation  of  Oils,"  p.  34.  ^ 
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Walter"-'''  proposed  a  method  for  the  hydrogcnation  of  oils 
in  thin  lihns  in  which  he  used  a  catalyzer,  and  mentioned  that 
the  oi)cration  might  l)e  carried  out  with  the  aid  of  chemically 
acting-  light.  A  patent  by  Walter  -'"  has  to  do  with  the  accelera- 
tion of  chemical  reaction  between  li(|ui(ls  and  gases  by  means  of 
a  contact  substance  or  chemically  acting  rays. 

Fuchs'-*'  calls  attention  to  several  theoretical  considerations 
which  if  followed  would  facilitate  the  reduction  of  fatty  bodies 
by  hydrogen,  lie  found  that  the  velocity  of  the  reaction  was 
increased  if  the  oil  to  be  treated  be  held  at  a  moderate  tempera- 
ture (o°  to  150°),  while  the  hydrogen  employed  is  raised  to 
higher  temperature  (200°  to  250°).  Maintaining  the  oil  at  low 
temperature  is  said  to  increase  the  cjuality  of  the  final  product, 
while  the  preheating  of  the  hydrogen  appears  to  increase  the 
activity  of  the  gas.  Referring  to  the  analogy  between  the  action 
of  heat  and  ultraviolet  light,  the  above  observation  might  furnish 
grounds  for  concluding  that  light  might  supply  the  necessary 
energy  for  accelerating  this  reaction. 

Fuchs  believes  that  it  is  necessary  for  the  hydrogen  to  be 
in  the  atomic  state  before  it  is  capable  of  acting  on  the  fatty 
mineral.  This  production  of  the  atomic  state,  he  states,  caai 
be  brought  about  through  the  application  of  chemically  active 
rays.  It  also  appears  that  the  hydrogen  molecule  is  dissociated 
when  molecular  hydrogen  is  pased  over  a  catalyzing  agent,  such 
as  platinum  black  or  freshly  prepared  nickel  powder,  and  then  is 
allowed  to  diffuse  under  high  pressure  over  heated  plates  of  metal. 
This  phenomenon  would' be  evidence  for  believing  that  the  hydro- 
gen was  ionized.  Reference  is  made  to  experimental  work,  but 
no  details  are  given  in  which  light  is  employed  as  an  aid  to  the 
reaction. 

EXPERIMENTAL. 

Chlorination  of  Acetic  Acid. 

An  attempt  was  made  to  prepare  a  substitution  product  of 
acetic  acid  by  the  action  of  chlorine  on  acetic  acid  in  the  presence 
of  artificial  light. 

The  essentials  of  the  method  used  were  as  follows :  Chlorine, 
generated  by  the  action  of  hydrochloric  acid  on  potassium  per- 

^''Seifen  Ztg.,  442  (1913)- 

^*"  German  Patent  257,825,  July  27,  1914;  fr.  Ellis,  "  Hydrogenation  of 
Oils,  p.  36. 

-*^  Self  en  Ztg.,  40,  982-983  (1903)  ;  Belgian  Patent  256,574  V-15V  (1913). 
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manganate,  was  first  \va>lKHl  with  water,  then  with  concentrated 
sulphuric  acid,  and  finally  passed  into  a  (piartz  llask  containing 
glacial  acetic  acid.  The  tla>k,  litted  with  a  rellux  condenser,  was 
heated  on  a  steam  bath  and  exposed  to  the  source  of  illumination. 
It  was  found  that  under  the  influence  of  the  rays  from  an  iron 
arc,  placed  three  centimetres  from  the  flask,  monochloracetic  acid 
was  obtained,  the  yield  being  greater  if  red  phosphorus  was 
used  as  a  catalyzer.  Under  the  intluence  of  the  rays  from  a  pro- 
jection lantern  about  live  centimetres  from  a  glass  tlask,  the  other 
conditions  being  the  same  as  in  the  previous  conditions,  no  sub- 
stitution product  of  acetic  acid  was  obtained.  While  the  negative 
results  may  have  been  due  to  the  lack  of  intensity  of  the  light 
of  active  wave-length  and  its  rather  limited  space  of  action,  it  is 
probable,  also,  that  the  most  active  rays  were  excluded  by  the 


glass. 


An  attempt  was  made  to  prepare  chloracetic  acid  by  the  action 
of  chlorine  activated  by  the  use  of  ultraviolet  rays.  Chlorine, 
generated  by  the  action  of  hydrochloric  acid  on  manganese  diox- 
ide, was  first  purified  with  water  and  sulphuric  acid,  and  then 
led  through  a  quartz  tube,  6  millimetres  in  diameter  and  about 
y^  centimetres  long,  into  the  flask  containing  glacial  acetic  acid. 
\\'ith  the  fact  in  mind  that  when  any  substance  phosphoresces 
by  the  action  of  light  it  gives  oft  charged  particles  of  electricity 
capable  of  causing  ionization  in  certain  gases :  the  tube  was 
placed  on  a  bed  of  powdered  fluorite.  A  quartz  mercury  lamp 
which  operated  in  a  iio-volt  circuit  was  used  as  a  source  of  illu- 
mination. The  potential  across  the  arc  was  about  80  volts.  The 
lamp  was  placed  above  and  close  to  the  tube,  so  as  to  get  a 
maximum  eftect  of  the  waves  of  shortest  length  produced.  The 
results  of  this  investigation  were  negative. 

Chlorination  of  Benzene  and  Toluene. 

Experiments  were  performed  to  obtain  chlorine  substitution 
products  of  benzene  and  toluene,  which  paralleled  in  all  cases 
those  above  mentioned,  except  with  regard  to  temperature  con- 
ditions. 

At  room  temperatures  and  without  catalyzers  these  substi- 
tution products  were  not  obtained  under  the  influence  of  the  light 
from  a  projection  lantern,  but  they  could  be  obtained  at  room 
temperatures  under  the  influence  of  the  rays  from  an  iron  arc. 
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While  an  clTorl  to  obtain  a  snhstitution  product  of  benzene 
usin^  chlorine,  activated  by  the  rays  enianatin<(  from  a  cjuartz 
niercurv  arc.  gave  (as  with  acetic  acid)  negative  results,  chlori- 
nation  ])roducts  of  toluene  could  be  obtained  under  similar  con- 
ditions. 

An  endeavor  was  then  made  to  chlorinate  benzene  and  toluene 
at  room  temperatures  by  activating  the  chlorine  through  the 
agency  of  an  electric  discharge.  The  chlorine,  generated  by  the 
action  of  hydrochloric  acid  on  potassium  permanganate,  was 
purified  and  then  led  through  a  Siemens  ozonizer  into  a  wash- 
l)ottle  which  contained  the  benzene  or  toluene  and  was  protected 
from  the  light  by  black  paper  and  cardboard.  The  ozonizer  was 
connected  with  the  secondary  terminals  of  a  small  induction  coil 
capable  of  producing  a  three-centimetre  spark.  The  results 
were  negative. 

Trinitrotoluene. 

As  stated  above,  the  melting-point  is  of  great  importance  in 
grading  trinitrotoluene.  The  following  experiments  were  con- 
ducted to  see  what  effect  light  w^ould  have  in  lowering  the  melt- 
ing-point of  trinitrotoluene.  The  product  used  was  one  obtained 
from  Professor  Munroe,  of  the  George  Washington  University. 

Each  sample  on  which  observations  were  to  be  made  was 
placed  in  a  small  ''  melting-point  tube  "  made  as  described  in 
Gattermann's  "  Practical  Methods  of  Organic  Chemistry."  ^'^- 
A  small  cotton  plug  was  placed  in  the  top  of  the  tube,  and  the 
opening  w^as  then  closed  with  soft  wax. 

It  w^as  found  during  this  work  that  trinitrotoluene  w-as  de- 
composed by  sunlight,  as  evidenced  by  a  darkening  of  the  cotton 
plugs  in  the  tubes,  as  well  as  by  a  decided  lowering  of  the  melting- 
point,  which  changed  from  80.47°  to  80.18°  after  exposure  for 
one  day,  to  79.27°  after  exposure  for  one  week,  to  78.37°  after 
exposure  for  tw^o  weeks  and  77.50°  after  four  weeks.  After  two 
hours'  exposure  a  slight  color  change,  but  no  apparent  change 
in  melting-point,  was  developed.  It  was  noted,  also,  that  the 
melting-point  was  less  sharp  after  exposure  to  light,  and  that 
where  decided  coloring  was  evidenced  examination  under  a  micro- 
scope showed  tW'O  sets  of  crystals,  one  set  being  a  much  darker 
brown,  although  the  form  was  the  same. 

''^Page  66  (1909). 
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A  sample  of  trinitrotoluene  was  placed  in  a  capillary  tube 
made  oi  (juartz.  This  tube  was  kept  in  the  path  ^>i  the  rays 
emanating  from  an  iron  arc  (see  above),  which  was  placed  1.5 
centimetres  from  the  tube.  After  six  hours'  exposure  the  pnKluct 
was  examined.  It  had  turned  a  dark  brown  and  had  a  melting- 
point  of  79.06   . 

Samples  01  trinitrotoluene,  melting-point  80.47-,  were 
placed,  one  in  a  capillary  tube  made  of  (piartz,  and  another  in 
a  capillary  tube  made  of  glass.  These  tubes,  together,  were 
placed  on  a  table  7  centimetres  from  a  mercury  quartz  lamp. 
The  heating  effect  of  the  lamp  on  the  tubes  was  greatly  reduced 
by  employing  a  mechanical  blower,  so  arranged  as  to  drive  a 
constant  stream  of  air  over  the  tubes.  The  temperature  indi- 
cated by  the  thermometer  was  30  at  the  beginning  and  40^  at 
the  end  of  a  three-hour  period.  After  an  exposure  of  the  above 
duration  the  samples  were  examined.  There  appeared  to  be  no 
darkening  of  the  crystals  in  either  tube.  The  melting-point  of 
both  specimens  was  found  to  be  the  same,  namely,  80.21". 

In  view  of  the  previous  experiment,  this  identity  in  the 
change  of  melting-point  in  samples  contained  in  glass  and  quartz, 
and  exposed  to  the  ra}>  from  a  mercury  quartz  light,  seemed 
surprising.  This  experiment,  however,  indicates  that  artificial 
light  materially  aft'ects  trinitrotoluene,  and  that  the  long  ultra- 
violet rays  (i.e..  those  which  can  pass  through  7  centimetres  of 
air)  have  little,  if  any,  greater  effect  than  the  ''visible''  rays 
from  a  mercury  quartz  arc. 

An  experiment  was  performed  to  study  the  effect  of  sunlight 
on  trinitrotoluene  in  the  absence  of  air.  It  was  thougrht  that, 
inasmuch  as  the  evolution  of  gases  indicates,  in  general,  chemi- 
cal change,  the  use  of  an  apparatus  which  would  detect  any  such 
evolution  would  prove  of  value  in  the  demonstration  of  the  de- 
composition of  the  substance  under  examination.  Some  of  the 
product  was  therefore  placed  in  a  **  fermentation  tube  ''  of  the 
type  commonly  used  by  bacteriologists  in  detecting  gas  forma- 
tion by  bacteria.  The  air  in  the  tul>e  was  displaced  by  mercury. 
The  crystals  did  not  rise  to  the  top  of  the  tube,  as  was  expected, 
but  clung  to  the  sides.  The  tubes  were  placed  on  the  window- 
sill  of  a  south  window  and  allowed  to  remain  three  weeks.  Ob- 
sen-ations  were  made  every  day,  but  there  was  no  immediate 
change.  As  time  passed,  however,  the  product  grew  darker 
gradually,  though  much  more  slowly  than  in  those  cases  when 


^/^  If.    TT.    CUSTIS.  fj.  F.  I. 

air  was  present.  Tlicrc  also  appeared  tu  be  a  slight  evolution  of 
gas,  wiiich  remained  in  contact  with  the  crystals.  'Jlie  amount 
was  too  small,  however,  to  admit  of  identification.  It  was 
also  noted  that  the  part  of  the  sample  which  was  on  the  side 
of  the  tube  not  exposed  to  the  direct  sunlight  showed  very  little 
change. 

The  above  experiments  not  only  confirm  the  observations  of 
Molinari  and  Qtiartieri,-*"^  but  establish  the  fact  that  the  ultra- 
violet rays  are  more  active  in  producing  decomposition  of  tri- 
nitrotoluene than  rays  of  longer  wave-length.  They  further  in- 
dicate that  the  change  in  trinitrotoluene  when  exposed  to  light  is 
due  to  oxidation. 

Nicotine  and  Pyridine. 

A  study  of  the  effects  of  light  on  nicotine  and  pyridine  solu- 
tions, both  dilute  and  concentrated,  shows : 

That  there  is  a  change  in  nicotine  content  when  nicotine  solu- 
tions are  exposed  to  sunlight. 

That  this  change  is  more  marked  in  the  presence  of  air — a 
fact  which  indicates  an  oxidation  process. 

That  ultraviolet  light  produces  a  change  in  the  nicotine  in 
nicotine  solutions. 

That  sunlight  produces  a  change  in  pyridine  in  pyridine 
solutions. 

The  experiments  with  nicotine  solutions  were  made  on  o.i 
per  cent,  solutions  and  40  per  cent,  solutions  which  were  ex- 
posed to  sunlight ;  some  in  clear  glass  vessels  and  some  in  amber 
glass  containers ;  some  in  the  presence  of  air  and  others  in  which 
air  was  excluded. 

It  was  thought  that  the  alkalinity  of  such  solutions  might 
affect  their  change  on  exposure  to  light,  so  that  another  set  of 
experiments  was  tried,  using  a  10  per  cent,  solution  made  acid 
with  sulphuric  acid. 

The  results  were  similar  to  those  obtained  in  the  unneutral- 
ized  solutions.  It  was  noted,  however,  that  in  the  absence  of  air 
it  made  no  decided  difference  whether  the  samples  were  ex- 
posed to  light  or  kept  in  the  dark,  except  in  the  case  where  an 
amber  container  was  used,  in  which  case  there  appears  to  be  an 
increase  in  the  amount  of  nicotine.  This  latter  is  inconsistent 
with  the  previous  experiments  and  no  explanations  are  offered.  It, 
however,  adds  to  the  strength  of  the  belief  that  light  does  effect 

^"Loc.  cit.  .  ' 
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a  change  111   ihc  nicotine,   this  power  of  causing  deterioration, 
however,  being  limited  to  light  of  short  wave-lengths. 

A  decided  change  in  color  of  the  solutions  was  also  noted. 
The  colors  were  compared  with  standard  nesslerized  ammonia 
solutions  similar  to  those  used  to  determine  the  amount  of  am- 
monia in  water. 

Two  experiments  were  tried  with  nicotine  solutions  exposed 
in  (juartz  tlasks  to  ultraviolet  light. 

A  portion  of  a  0.1  per  cent,  solution  was  put  in  a  quartz 
Erlenmeyer  tiask  live  centimetres  from  an  interrupted  spark 
<lriven  by  a  high-frequency  current  for  fifteen  minutes.  A  slight 
but  decided  decrease  in  the  amount  of  nicotine  was  found. 

A  sample  of  a  40  per  cent,  nicotine  solution  (commercial)  in 
a  small  quartz  Erlenmeyer  flask  was  placed  five  centimetres  from 
an  iron  arc  for  thirty  nn'nutes.  The  sample,  when  analyzed  after 
the  exposure  to  the  light,  showed  a  slight  but  decided  increase 
in  the  amount  of  nicotine  present. 

As  facilities  for  repeating  these  last  two  experiments  were 
not  availal:)le,  little  value  can  be  attached  to  them.  The  former 
indicates  a  decrease  in  the  amount  of  nicotine — a  fact  contra- 
dicted by  the  results  of  the  latter,  in  which  the  conditions  were 
similar,  but  not  identical.  It  is  to  be  noted  that  the  latter  was 
carried  out  with  a  commercial  sample  which  contained  oils ;  and 
in  view  of  the  work  of  Inghilleri,  and  Paterno  and  Maselli,  be- 
fore mentioned,  who  reported  a  synthesis  of  alkaloids  by  action 
of  light,  an  hypothesis  to  account  for  the  apparent  increase  in 
nicotine  by  a  synthesis  of  an  alkaloidal  substance  from  such  oils, 
or  even  some  change  in  the  nicotine  itself,  is  not  untenable. 

Since  the  basic  properties  of  nicotine  are  attributed  to  the 
pyridine  ring,  it  \vas  thought  interesting  to  undertake  an  ex- 
periment to  show^  whether  light  had  any  noticeable  action  on 
pyridine.  With  this  end  in  view,  experiments  were  carried  out, 
w^hich  correspond  in  their  essential  particulars  to  those  reported 
above,  using  pyridine  and  pyridine  solutions  instead  of  nicotine, 
and  it  was  found  that  sunlight  produces  a  change  in  pyridine 
solutions. 

The  changes  in  pyridine  were  indicated  by  the  results  of 
quantitative  analysis  by  the  method  by  K.  E.  Schulze.-^"* 

'**Bcrichte,  20,  3391  (1887).    See  Treadwell,  F.  P.,  and  Hall,  William  F., 
"Analytical  Chemistry,"  vol.  2,  p.  447. 
Vol.  184.  Xo.  1104 — 60 
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C  ale  i  in  1 1  Carbide  and  Nitrogen. 

An  attempt  was  made  to  deteniiiiic  whether  there  was  any 
action  between  calcium  carbide  and  nitrogen  under  the  inlluence 
of  uhraviolet  hght.  The  calcium  carbide  was  placed  in  a  quartz 
container,  the  supernatant  air  jjcing  replaced  by  nitrogen.  The 
source  of  light  was  an  iron  arc  backed  by  a  nickel  rellector.  There 
was  no  apparent  reaction,  as  a  manometer  connected  with  the  cell 
showed  no  change  in  pressure  when  the  temperature  conditions 
were  taken  into  consideration,  and  a  test  for  ammonia  on  treat- 
ing the  product  with  hot.  water  gave  negative  results. 

Hydrogenation  of  Oleic  Acid. 

Experiments  were  performed  to  ascertain  if  there  would  be 
an  acceleration  of  the  hydrogenation  of  oleic  acid  under  the  in- 
fluence of  the  rays  from  an  iron  arc.  The  hydrogen,  generated 
in  a  Kipp  apparatus  by  the  action  of  hydrochloric  acid  on  zinc^ 
was  purified  by  washing  with  lead  acetate  and  with  sulphuric 
acid  and  led  into  a  quartz  flask  which  contained  the  oleic  acid. 
A  long  air  condenser  was  passed  through  the  stopper  with  which 
the  flask  was  supplied.  An  iron  arc  was  placed  1.5  centimetres 
from  the  flask,  and  exposure  was  allowed  to  proceed  for  six 
hours.  The  iodine  numbers  of  the  acid  before  and  after  treat- 
ment were  determined  with  the  following  results : 

That  there  is  no  acceleration  in  the  hydrogenation  of  oleic 
acid  when  hydrogen  acts  on  the  acid  in  the  presence  of  rays 
from  an  iron  arc  under  ordinary  conditions  of  temperature  and 
pressure,  as  blank  experiments  have  shown  an  amount  of  satura- 
tion equivalent  to  that  found  in  this  trial. 

In  consideration  of  repeated  references  to  the  ionization  of 
hydrogen  gas  it  is  to  be  noted  that  hydrogen  is  found  to  occur 
in  the  following  forms:  H,  H2,  H +,  H -,  H2+;^^^  neutral 
atomic  hydrogen,  neutral  molecular  hydrogen,  atomic  hydro- 
gen bearing  a  positive  charge,  atomic  hydrogen  bearing  a  nega- 
tive charge,  and  molecular  hydrogen  bearing  a  positive  charge. 

As  McClung  ^^^  and  Thompson  2^"  have  shown  that  a  charged 
gas  can  be  carried  along  a  tube  some  distance  before  it  loses  its 

^*®  Thompson,  loc.  cit. 

^^^ "  Conduction  of  Electricity  through  Gases  and  Radio-activity." 
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charg^c.  it  was  throught  that  an  attempt  to  liydrogcnate  oleic  acid 
by  means  of  hydrogen  made  active  by  a  silent  electric  discharge 
before  being  passed  inlo  the  acid  might  yield  evidence  of  value  in 
proving  the  presence  or  absence  of  actively  charged  hydrogen. 

The  hydrogen  generated  as  in  the  previous  experiments  was 
led  through  a  Siemens  ozonizer  before  it  was  passed  into  the 
oleic  acid,  which  was  held  in  a  large  test-tube.  This  tube  was  im- 
mersed in  a  calcium  chloride  ])ath.  Tlic  temperatures  selected  for 
tests  were,  20°,  125°,  and  200  . 

In  some  of  the  tests  the  ozonizer  was  operated  bv  an  induc- 
tion coil  capable  of  producing  a  three-centimetre  spark,  while  in 
others  a  coil  capable  of  producing  a  five-centimetre  spark  was 
used. 

The  experiments  showed : 

1.  That  oleic  acid  may  be  partially  saturated  by  passing  in 
hydrogen  at  approximately  atmospheric  pressure  at  ordinary  tem- 
peratures ; 

2.  That  the  action  may  be  increased  by  heat ;  and 

3.  That  it  cannot  be  accelerated  by  activating  the  hydrogen 
by  passing  it  through  ozonizers  under  the  conditions  here  men- 
tioned. 

SUGGESTIONS. 

The  observations  made  above,  and  experiments  reported,  are 
to  be  considered  as  preliminary  only.  Few  as  they  are,  they 
open  an  almost  inexhaustible  field  for  research.  If  attention  is 
confined  to  the  formation  of  chloracetic  acid  alone,  which  is 
commercially  important  because  it  takes  part  in  the  formation 
of  indigo  by  one  of  the  most  successful  manufacturing  proc- 
esses, one  has  only  to  reflect  on  the  question  of  possible  differ- 
ence in  behavior  of  chlorine  from  different  sources, -^^  and  the 
different  catalyzers  and  quantity  and  quality  of  illumination,  and 
it  may  be  added  that  chlorine  itself  is  used  as  a  catalyzer,^^^ 
without  considering  conditions  of  temperature  and  pressure,  to 
see  that  much  more  may  be  done. 

^**Cf.  Russ,  loc.  cit.;  Schluederberg,  /.  Phys.  Chem.,  12,  574-631  (1908)  ; 
Fabinyi-Klausenburg,  Ion.,  1,  70-71;  Z.  Ech.,  503  (1902);  Ludlam,  loc.  cit.; 
Baskerville  and  Riederer,  loc.  cit. 

^*MVeigert,  Z.  Elecktrochem.,  14,  591  (1908);  Burgess  and  Chapman, 
loc.  cit. 
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It  woukl  l)c  intcrestin<,^  also  lo  try  variations  of  the  above 
experiiiiciits  on  acetic  acid,  ])enzene,  and  toluene,  where  the  acetic 
acid,  benzene,  or  t(jluene  is  in  the  vapor  ])hase. 

i'^urthennore,  it  would  he  interestin<^^  to  conduct  experiments 
on  the  activation  of  j^ases  under  conditions  where  the  intensity 
of  electric  energy  or  light  energy,  as  well  as  the  distance  the  gas 
passes  after  activation,  could  be  varied. 

It  is  probable  that  valuable  results  would  be  obtained  in  manv 
cases  where  attempts  are  made  to  use  light  as  a  source  of  energy 
in  accelerating  a  chemical  reaction  if  particular  attention  were 
l^aid  to  the  absorption  spectra  of  the  reacting  substances,  and  it 
is  not  unlikely  that  investigations  of  the  effects  of  light  present 
under  the  manufacturing  conditions  existing,  where  explosives 
are  prepared  and  handled,  may  prove  of  value. 

GENERAL    SUMMARY. 

In  this  work  evidence  is  brought  forth  to  show,  first,  that  the 
well-established  belief  that  certain  chemical  reactions  are  acceler- 
ated by  light  is  justified,  and  that  such  effects  are  more  marked 
in  the  presence  of  ultraviolet  light  than  in  the  presence  of  light 
of  shorter  wave-length;  secondly,  the  previously  scattered  evi- 
dence has  been  collected  relative  to  the  hypothesis  that  radiant 
heat,  light,  and  electricity  are  similar  from  a  purely  physical 
standpoint  and  that  they  produce  similar  chemical  changes,  and 
additional  evidence  has  been  obtained. 

By  studying  the  effect  of  Hght  on  the  reactions  taking  place 
between  chlorine  and  acetic  acid  it  was  found : 

1.  That  monochloracetic  acid  could  be  obtained  under  the 
influence  of  rays  from  an  iron  arc  at  the  temperature  of  the 
steam  bath  when  no  catalyzer  is  used. 

2.  That  a  greater  quantity  of  chloracetic  acid  could  be  ob- 
tained under  the  influence  of  the  rays  from  an  iron  arc  at  the 
temperature  of  the  steam  bath  if  red  phosphorus  was  used  as  a 
catalyzer  than  when  no  catalyzer  was  used. 

3.  That  chloracetic  acid,  chlorination  products  of  benzene  and 
of  tohiene  could  not  be  obtained  under  the  influence  of  the  rays 
from  a  projection  lantern. 

4.  That  chloracetic  acid  and  chlorination  products  of  benzene 
could  not  be  obtained  from  chlorine  activated  by  the  use  of  the 
rays  emanating  from  a  quartz  mercury  arc  before  passing  into 
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acetic  acid  or  into  benzene.  Imt  tli.'il  chlorinalion  i)r<Mliuts  of 
tolnene  could  he  obtained  under  similar  conditions. 

^.  Thai  chlorination  products  of  benzene  and  of  toluene  could 
he  obtained  at  room  temi)erature>  under  the  intUience  of  the  rays 
from  an  iron  are. 

6.  That  chlorination  j)r()(lucts  of  benzene  and  of  toluene 
could  not  l)e  obtained  from  chlorine  which  \\a>  led  through  a 
Siemens  ozonizer  before  beinti^  passed  into  benzene. 

Bv  a  stud\  ^^\  the  effects  of  li^ht  on  trinitrotfjluene  it  was 
found : 

1.  That  trinitrotoluene  was  decomposed  by  sunli<;ht. 

2.  That  ultraviolet  rays  are  more  active  in  decomposinj.^  tri- 
nitrotoluene than  rays  of  longer  wave-length. 

3.  That  the  change  produced  when  trinitrotoluene  is  exposed 
to  liiiht  is  due  to  oxidation. 

An  unsuccessful  attempt  was  made  to  form  a  chemical  com- 
pound from  nitrogen  and  calcium  carbide  under  the  influence  of 
ultraviolet  light. 

Bv  studving  the  effects  of  light  on  nicotine  solutions  it  was 
found : 

1.  That  there  is  a  change  in  nicotine  content  when  nicotine 
solutions  are  exposed  to  sunlight. 

2.  That  this  change  is  more  marked  in  the  presence  of  air — 
a  fact  which  indicates  an  oxidation  process. 

3.  That  this  power  of  causing  the  change  is  limited  to  light 
of  short  wave-lengths. 

4.  That  ultraviolet  light  produces  a  change  in  the  nicotine  in 
nicotine  solutions. 

5.  That  sunlight  produces  a  change  in  the  pyridine  in  pyridine 
solutions. 

6.  That  the  alkahnity  of  nicotine  solutions  does  not  affect 
the  reactions  due  to  light. 

Bv  a  study  of  the  effect  of  ultraviolet  light  on  the  reaction 
taking  place  between  oleic  acid  and  hydrogen  under  the  influence 
of  light  it  was  found : 

1.  That  oleic  acid  may  be  partially  saturated  by  passing  in 
hydrogen  at  approximately  atmospheric  pressure  at  ordinary  tem- 
peratures ; 

2.  That  the  action  mav  be  increased  bv  heat :  and 
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3.  Thai  it  cannot  be  accelerated  l)y  activating  the  hydrogen 
by  passing  it  through  ozonizers  under  the  conditions  here  men- 
tioned. 

Attention  is  called  to  the  fact  that,  from  a  consideration  of  the 
results  obtained  in  experiments  where  attempts  were  made  to 
activate  gases  before  their  contact  with  the  liquids  under  consid- 
eration, it  may  l)e  inferred  either  that  ionization  of  the  gas  was 
not  obtained  or  that  ionization  is  not  the  condition  essential  for 
promoting  the  change. 

It  is  with  the  greatest  pleasure  that  I  express  my  appreciation 

of  the  advice  and  encouragement  received  from  Prof.  Charles 

E.  Munroe  and  Prof.  N.  Monroe  Hopkins  during  the  course  of 

this  work. 

Laboratories   of   the   George  Washington  University, 
May  26,  1917. 


Heating  Buildings  with  Sprinkler  Systems.  E.  D.  Densmore. 
(Quarterly  of  the  National  Fire  Protection  Association,  vol.  xi,  No,  2, 
p.  168,  October,  1917.) — The  increasing  use  of  automatic  sprinklers 
in  modern  commercial  industrial  buildings  has  led  to  the  develop- 
ment of  the  sprinkler  system  for  heating  purposes.  As  is  well 
known,  the  sprinkler  system  consists  in  general  of  a  series  of  pipes 
which  cover  uniformly  the  ceilings  of  all  floors.  If  the  water  which 
is  maintained  in  the  system  can  be  heated  and  circulated,  evidently 
the  sprinkler  piping  can  be  used  for  heating.  One  fundamental 
objection  is  that  the  sprinkler  head  which  is  in  ordinary  use  will 
melt  at  the  temperature  necessary  for  the  water  to  be  used  for  heat- 
ing purposes.  This  melting  of  the  sprinkler  head  is  prevented  by 
means  of  a  U-connection  through  which  the  hot  water  cannot  circu- 
late. In  practice  it  has  been  found  that  a  bend  in  the  horizontal 
nipple  carr}dng  at  the  end  the  upright  sprinkler  head  will  prevent 
the  head  from  melting. 

The  connections  of  the  hot-water  heating  system  with  the 
sprinkler  piping  are  exceedingly  simple  and  need  not  change  the 
sprinkler  piping  in  any  way.  The  hot-water  heater  may  be  located 
in  any  convenient  place.  From  the  hot-water  heater  a  hot-water 
supply  pipe  is  run  and  connected  to  the  foot  of  the  sprinkler  riser 
inside  the  sprinkler  alarm  valve.  It  is  advisable  to  provide  an  ordi- 
nary stop  valve  at  this  point  so  that  the  hot-water  supply  may  be 
entirely  shut  off  from  the  sprinklers  when  necessary.  Between 
the  hot-water  connection  to  the  riser  and  the  sprinkler  heads  no 
changes  are  made,  the  riser,  laterals,  and  distributing  pipes  being 
installed  in  the  usual  way.  Many  successful  installations  have  been 
made,  and  apparently  no  fundamental  difficulties  have  been  encoun- 
tered over  a  period  of  several  years  in  operation. 
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7.  TITANIUM  IN  THE  METALLURGY  OF  IRON. 

General  Statement. — The  effect  of  titanium  on  cast  iron  has 
been  the  subject  of  much  discussion;  not  a  great  amount  of  data 
is  available  for  the  accurate  solution  of  the  question,  but  the 
probabilities  are  that  the  action  of  the  metal  has  quite  contra- 
dictory effects.  This  is  presumed  to  arise  from  its  varying  action 
with  the  different  metalloids.  In  an  extensive  paper  in  191 2 
before  the  American  Institute  of  Alining  Engineers,  Bradley 
Stoughton  recorded  data  pertinent  to  the  effect  of  titanium  on 
the  strength  of  cast  iron.  One  particular  point  is  to  be  noted 
from  his  findings,  for  the  reason  that  it  stands  forth  very  promi- 
nently, and  that  is  that  titanium  unquestionably  reduces  the  chill. 
This  should  not  be  unexpected  from  what  is  known  of  the  action  of 
the  metal — it  being  one  of  the  strongest  deoxidizers  known,  and 
it  further  has  a  high  chemical  affinity  for  both  sulphur  and  nitro- 
gen. The  question  logically  arises :  Why  does  titanium  reduce 
chill?  This  is  readily  answered.  The  elements  oxygen  and  sul- 
phur (and  nitrogen,  probably)  are  productive  of  chill,  and  titan- 
ium, by  removing  them,  consequently  removes  their  chill  action. 
This  shows  how  the  chill  is  modified  and,  further,  why  the  strength 
of  castings  is  lower.  The  titanium  not  only  removes  the  sulphur 
but  also  the  oxygen."^  The  effect  of  titanium  in  reducing  chill 
in  cast  iron  is  overcome  by  the  use  of  an  increased  proportion 
of  manganese  for  purposes  of  restoration — and  this  is  decidedly 
met  with  disapproval.     It  appears,  on  the  whole,  that  not  much 

*  Concluded  from  page  650,  vol.  184,  November  issue. 

^*The  effect  of  small  amounts  of  oxygen  in  cast  iron  is  to  increase  its 
strength  and  resistance  to  shock.  Oxygen  to  the  amount  of  but  0.06  per  cent, 
gives  cast  iron  a  tensile  strength  of  3500  pounds  per  square  inch,  as  com- 
pared with  2500  pounds  per  square  inch  for  otherwise  similar  non-ox3-genated 
iron.  Note  Johnson,  W.  McA.,  "  A  Chemical  Explanation  of  the  Effect  of 
Oxygen  in  Strengthening  Cast  Iron,"  Bull.  A.  I.  M.  E.,  February,  1916, 
pp.  233-235. 
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benefit  can  arise  from  usin<^-  lilaiiium  in  llie  metallurgy  of  cast 
iron,  hut  recently  its  use  has  heen  recommended  hy  Doctor 
Moldenke,  the  American  foundry  expert,  as  worthy  of  employ- 
ment for  the  removal  of  nitrogen  and  oxygen  where  special  cast 
irons  arc  to  be  produced.  Some  metallurgists  held  for  a  long 
time  that  titanium  rendered  cast  iron  tough — probably,  for  one 
reason,  because  the  well-known  pig  iron  of  Upper  Styria  contains 
a  small  percentage  of  the  metal.  However,  steel  made  there- 
from rarely  showed  any  titanium  content  on  analysis,  because 
of  the  strong  affinity  of  the  element  for  oxygen. 

Hoiv  Titanium  is  Used  in  Iron  Metallurgy. — In  iron  foundry 
practice,  the  usual  method  of  employing  titanium  is  to  scatter  a 
predetermined  amount  of  a  titanium  alloy  ( ferro-titanium  or 
ferro-carbon  titanium,  as  the  case  may  be)  along  the  runner 
prior  to  tapping.  Upon  tapping  the  cupola,  the  titanium  alloy  is 
washed  into  the  ladle  with  the  stream  of  iron.  As  in  steel  prac- 
tice, time  should  be  allowed  for  the  chemical  reactions  to  com- 
plete themselves,  so  that  the  ladle  should  l)e  held  for  about  three 
minutes  before  pouring.  Also,  as  in  steel  practice,  care  should 
be  taken  so  that  the  slag  be  not  allowed  to  come  in  contact  with 
the  alloy,  as  slag  attacks  the  alloy  with  very  great  avidity,  thus 
destroying  its  function.  Iron  may  also  be  treated  in  the  ladle  by 
adding  the  titanium  alloy  to  the  ladle  either  before  or  during  tap- 
ping. In  small  hand  ladles  it  is  an  easy  matter  to  stir  the  iron 
with  a  rod  in  order  to  thoroughly  incorporate  the  alloy  into  the 
molten  bath.  For  usual  deoxidizing  purposes,  about  two  to  four 
pounds  of  a  15-per  cent,  titanium  alloy  per  ton  of  iron  will  be 
requisite  and  sufficient. 

Effect  of  Titanium  Additions  to  Iron. — L.  Treuheit  ^^'  experi- 
mented with  the  effect  of  additions  of  10  to  15  per  cent,  titanium 
and  25  per  cent,  titanium  alloys  on  iron  and  arrives  at  the  con- 
clusion that  the  benefits  derived  from  their  use  are  small.  The 
benefits  usually  claimed  as  resulting  from  titanium  treatment  of 
cast  iron  are  summed  up  as  f  ollow^s  : 

1.  An  improvement  in  machining  qualities  of  the  iron; 

2.  An  increase  in  the  hardness  of  chill ; 

3.  An  increase  in  soundness  of  castings ; 

4.  An  increase  in  the  strength ;  and 

5.  That  but  extremely  small  amounts  of  titanium  are  needed 

to  produce  the  results  given  in  i  ;  0.04-0.05  per  cent, 
titanium  being  claimed  to  be  effective. 

^Treuheit,  L.,  Sfahl  nnd  Eisen,  vol.  xxx,  pp.  1192-1201. 
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b^videiitly  tlic  first  two  lainiot  occur  toj^cthcr  in  tlic  same 
iron,^'  and  tlic  variation  in  cast-iron  samples  from  the  same  mell 
is  often  so  i^reat  tliat  it  is  ditVicult  to  say  when  improvements 
have  really  followed  the  titanium  treatment.  The  chief,  and 
seemin<^ly  the  only,  value  of  titanium  in  the  treatment  of  ir(jn 
lies  in  its  ahility  to  deoxidize  the  metal.  The  metal  undoubtedly 
scavent^es  from  the  product  of  the  cupola  or  the  air-furnace  oxides 
and  occluded  ^ases.  as  well  as  nitrides.  ( )n  this  basis,  a  certain 
given  amount  of  titanium  will  cleanse  any  j^iven  iron  ;  any  less  will 
be  insufficient,  while  any  more  will  not  make  the  iron  better.  Suf- 
ficient titanium  should  be  added  to  effect  a  complete  deoxidation 
and  denitrogenation  of  the  metal.  However,  it  is  a  waste  of 
money  to  treat  a  sound  metal,  as  no  improvement  can  be  gained  in 
this  case  unless  the  composition  of  the  metal  is  altered.  Large 
iron  castings  treated  with  carbon- free  ferro-titanium  are  illus- 
trated in  Figs.  22  and  23. 

Titanium  in  flic  Blast  Furnace. — This  subject  has  been  dealt 
with  at  some  length  in  previous  paragraphs.  Suffice  it  to  indicate 
here  that  titanium  may  be  present  to  the  extent  of  about  one 
per  cent,  when  the  burden  is  titaniferous,  but  the  element  is  not 
known  to  exert  any  particular  influence  on  the  quality  of  the  iron. 
When  such  metal  is  converted  into  steel,  the  titanium  is  completely 
eliminated. 

Titanium  in  the  Foundry. — ]\loldenke  has  set  forth  the  results 
of  his  experiments  made  to  show  the  influence  of  titanium  upon 
cast  iron  in  his  paper  of  1908  before  the  American  Foundrymen's 
Association.^^  Two  series  of  irons  were  made,  white  and  gray, 
and  the  results  of  his  work  are  tabulated  for  brevity  in  Table  V, 
page  889. 

Casual  examination  of  these  results  indicates  that  there  was  a 
distinct  advantage  obtained  by  the  addition  of  a  certain  small 
percentage  of  titanium,  in  the  case  of  the  gray  iron,  but  that 
larger  additions  did  not  result  in  any  additional  benefit.  Re- 
garding the  white  irons,  a  small  advantage  api>ears  to  have  been 
secured.     The  above  worker  insists  that  the  titanium  addition  is 


^^ "  The  claim  made  that  titanium  reduces  the  amount  of  chill  and  at  the 
same  time  makes  a  harder  chill  is  preposterous"  (private  communication, 
J.  E.   Johnson,  Jr..  May   15,   1917). 

"Moldenke,  R.,  "Titanium  in  Cast  Iron,''  Trans.  A.  F.  A.,  1938.  vol.  17, 
PP-  57-^4- 
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Fig.  22. 


Large  cast-iron  cylinder  head  weighing  13,370  pounds  treated  with  carbon  free  ferro-titanium. 

(After  Goldschmit  Thermidt  Company.) 

Fig.  23. 
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ron  casting  weighing  22,700  pounds  treated  with  carbon-free  ferro-titanium.     (After  Gold- 

schmidt  Thermit  Company.) 
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of  advantac^c  if  ik^  more  is  used  than  is  re(|iiire(l  for  the  purpose 
of  (leoxidation. 

Tmii.k  V. 

Iron  used  Percent.  If  car-  Broke 

titanjum  bon  at  Dt  flection 

addid  added  pourds 

Gray    macliiiury     None  No  2020  0.09 

Gray    niachiner\     0.05  Xo  3100  0,09 

Gray    machinery     0.05  Ves  3070  o.io 

Gray    machinery     o.io  Xo  3030  0.09 

Gray    machinery        ...  o.io  Ves  2990  0.095 

Gray    machinery     0.15  Ves  3190  o.ioo 

White   iron    Xone  Xo  2050  0.05 

White   iron    0.05  Xo  2400  0.05 

White    iron    0.05  Ves  2420  0.05 

White    iron    o.io  Ves  2400  0.05 

White   iron    0.15  Ves  2520  0.06 

Titaiiiimi  in  Gray  Iron.— Gray  cast-iron  castings  normally 
contain  about  2  per  cent,  or  more  graphite  and  less  than  1.5  per 
cent,  combined  carbon,  while  the  total  amount  of  impurities  pres- 
ent will  usually  be:  Silicon,  0.75  to  3  per  cent.;  manganese,  0.30 
to  0.70;  phosphorus,  0.5  to  1.5,  and  sulphur,  up  to  0.20  per  cent. 
The  effect  of  titanium  is  to  reduce  the  oxygen,  nitrogen,  oxides, 
and  nitrides  commonly  present,  and  to  eliminate  blowholes, 
thereby  tending  towards  the  production  of  sound  metal. 

Titanhim  in  Malleable  Cast  Iron.^^ — As  is  well  known,  mal- 
leable cast  iron  is  produced,  as  indicated  in  the  footnote,  from 
white  cast  iron  by  either  the  "  black-heart ''  or  the  ''  white-heart  " 
process.  Silicon  must  be  low  in  the  original  iron  in  order  that  the 
carbon  may  be  in  the  combined  fomi  as  cementite.  Titanium  acts 
in  a  manner  analogous  to  that  of  silicon:  viz.,  it  will  throw  down 
graphite  and  prevent  the  formation  of  Fe.;C.  However  this  may 
be,  the  titanium  will  be  oxidized,  so  that  if  used  in  small  amounts 
its  beneficial  cleansing  action  will  1^  secured  without  its  entering 
the  metal.   The  use  of  titanium  alloys  in  the  production  of  white 

''Malleable  castings  are  cast  as  brittle  white  cast  iron  and  then  made 
malleable  by  the  conversion  of  most  of  the  combined  carbon  from  FesC  into 
graphite,  or  by  oxidizing  the  combined  carbon,  or  by  both.  The  illegitimate 
term  "  semi-steel  "  is  an  indefinite  trade  name  used,  at  times  for  malleable 
castings.  The  term  "  semi-steel  "  has  no  meaning  and  should  not  be  recog- 
nized as  having  anv  significance. 
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ca>t  iron   for  conversion  into  niallcal)lc  castings  is  as  \ct  in  the 
experimental  stage,  and  no  data  are  available. 

lifTcct  of  litaniiiin  on  Chill. — The  effect  of  titanium  on  chill 
has  l)een  indicated  in  the  experiments  of  Moldenkc  made  at  the 
Keystone  Car  Wheel  Works,  Homestead,  Pa.  An  iron  which 
gave  a  depth  of  chill  of  1.5  inches,  not  treated  by  titanium,  showed 
but  one  inch  in  depth  of  chill  when  treated.  Tests  of  the  chilled 
part  gave  the  residts  in  1\'i])le  VI. 

Table  VI. 

Chilled  iron  fnT.^nr^nrA'^.l'n^'^  Hardness 

men  compression 

Treated   298,000  557 

Untreated     i73,ooo  445 

An  addition  ^"*  of  a  one  per  cent,  titanium  alloy  to  a  chilled 
iron  car  wheel  made  the  metal  closer  grained  and  freer  from 
blowholes,  as  well  as  stronger  in  the  flanges  and  rims. 

Effect  of  Tifanhun  on  the  Magnetic  Properties  of  Iron. — 
K.  P.  Applegate  **''  has  ascertained  the  effect  of  titanium  on  the 
magnetic  properties  of  iron.  Pure  Swedish  charcoal  iron  was 
treated  by  a  15  per  cent,  titanium  alloy  supplied  by  The  Titanium 
Alloys  Manufacturing  Company,  and  with  a  20  per  cent,  titanium 
alloy  containing  some  aluminum  supplied  by  the  Goldschmidt 
Thermit  Company.  The  iron-titanium  alloys  so  secured  were 
subjected  to  hysteresis  tests  for  comparison,  and  these  conclusions 
were  drawn : 

T.  Small  amounts  of  pure  titanium  (less  than  one  per  cent.) 
decrease  to  a  slight  extent  the  hysteresis  losses  in 
pure  Swedish  charcoal  iron. 

2.  An  increase  in  the  percentage  of  titanium  causes  an  in- 

crease in  the  hysteresis  loss. 

3.  Alloys  of  titanium  and  iron  are  not  rendered  appreciably 

softer  by  prolonged  annealing  at  760°  C. 

4.  The  commercial  titanium  alloys,  when  dissolved  in  iron, 

yielded  a  metal  much  poorer  in  magnetic  q'uality  than 
the  alloys  containing  pure  titanium. 

**  Slocum,  C.  v..  in  a  paper  before  the  Railway  Club  of  Pittsburgh,  Iron 
Age.  vol.  83,  1909,  p.  1347. 

^  Applegate,  K.  P.,  "  The  Effect  of  Titanium  on  the  Magnetic  Properties 
of  Iron,"  Rensselaer  Polytechnic  Institute,  Eng.  and  Sci.  Ser.  No.  5. 
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5.  'riianiuin  slccls  arc  not  as  j^ood  as  ilu'  present  standard 

silicon  steels. 

6.  Small  amounts  of  pure  titanium  increase  the  i)ermeal)ilily 

ol'  pure  Swedish  charcoal  iron. 

7.  The  maximum  induction  of  alloys  containini;  titanium 

was  considerahly  higher  than  the  W'-    steel  or  pure 
iron  sami)les. 

8.  The  permeability  of  the  titanium  specimens  was  higher, 

for  the  same  value  of  11,  than  the  XI'^'  steel  or  pure 
iron. 

9.  1  he  small  percentages  of  pure  titanium  gave  the  lowest 

values  for  the  hysteretic  constant  when  the  titanium 
alloys  were  considered.  These  values  were,  how- 
ever, not  as  low  as  the  hysteretic  constant  for  the 
XT''  steel. 
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THEORY     AND     OPERATION     OF     DR.     ZAHM'S     PRO- 
PELLER COMPUTER. 

W.  p.  LOO,  M.S. 

Research  Department.  Curtiss  Aeroplane  Company.  Buffalo.  N.  Y. 

Theory. —  In  designing  an  aerial  propeller  by  l^rzewiecki's 
method,  the  blade  section  is  assumed  {o  act  like  an  ordinary  aero- 
foil, and  its  aerodynamical  proi>erties  are  assumed  unchanged, 
due  to  the  presence  of  neighboring  blade  sections.  1  f  we  lay  off 
along  oa,  in  the  following  figure,  the  peripheral  velocity  of  a  pro- 
peller, and  along  ab  the  velocity  of  advance,  then  the  hypothenuse 
0^  will  represent  the  resultant  velocity,  and  /  will  be  the  angle 
of  incidence,  A  the  helix  angle  for  the  path  of  the  indicated  blade 
section. 

Then  the  unit  thrust  T  will  be  given  ])y  the  equation : 
T  =  L  cos  .  /  —  P  sin  .  / 

where  L  and  D  denote  the  unit  lift  and  drift  of  the  aerofoil.    But 
from  wind-tunnel  experiments  we  know : 

and 

D  =  K,  S  J '' 

where  ^.u  ^^^  I'^t  coefficient 

K^.  =  drift 

and 

['  =  resultant  velocity  along  tlie  helical   path 

in  this  case 
5  =  area  of  aerofoil 

If  we  call  Ti  the  thrust  per  unit  area,  we  have: 
7i  =  Ky  F'  cos  A  —  K^  V^  sin  A 

T,  =  K„  J'  (r  cos  A  —^V   sin  A) 

If  we  construct  upon  oh  a  right  triangle  ohc  similar  to  the 
triangle  o'h'c'  and  project  oe  upon  oa,  we  have : 

og  =  ob  cos  A  —  he  sin  A 
But  since 

and 


oh=  V 
be  =  ob  tan 


('""'■y 


or 


='-t 
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7\  = 

Ky  V  X  og 

a  blade 

section   is 

expres: 

Efficiency 

tan        A 

tan  {A  -j- 

G) 

G 

=  gliding  angle  = 

Kx 

Ky 

Efficiency 

=    ^1  _:_   ^^   - 

og    '    og 

__  hg 
ge 
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Therefore  ()g=rcos/l      j^    r.sin.l 

()(/  is  then  equal  to  the  expression  inclnded  in  the  parenthesis 
in  the  thrust  ecjuation,  and  is  called  the  thrust  factor,  and  the 
ecjuation  then  becomes : 

The  efficiency 
known  formula : 


where 


or 


Constnictioji  of  the  Computer. — The  theory  upon  which 
the  computer  is  based  has  been  delineated  above,  and  it  remains 
to  be  put  in  the  form  of  a  chart  for  practical  use. 

If  we  mark  on  oy  the  velocity  of  advance,  on  ox  the  peripheral 
velocity,  both  in  miles  per  hour,  and  upon  ox  erect  a  number  of 
ordinates  having  the  values  of  R.P.]\I.  and  blade-section  radii 
labelled  upon  them  to  correspond  to  the  peripheral  velocity  shown 
on  ox,  the  resultant  velocity  in  miles  per  hour  is  at  once  indi- 
cated by  the  position  and  magnitude  oi  ob  for  any  combination 
of  values  of  R.P.]\I.  and  velocity  of  advance.  The  helical  angle  A 
is  indicated  by  the  angle  ob  makes  with  ox,  and  its  value  in 
degrees  is  marked  on  the  right-hand  border  of  the  chart. 

In  the  thrust  ecjuation,  if  we  put  V  in  miles  per  hour,  Ky  and 
K.r  in  absolute  units,  we  must  multiply  the  equation  by  a  constant, 
0.0051,  in  order  to  have  T^  in  pounds  per  square  foot  at  standard 
atmospheric  density.    Then 

Kx 

Ti  ^  0.0051  Ky  V  (  V  cos  ,4  —  TF-  F  sin  ^ ) 

A  V 

To  represent  ob  or  V  in  the  chart,  a  line  ob"  is  scribed  in  a 
piece  of  celluloid  having  an  L  shape,  as  shown  in  Fig.  2,  and  the 
head  of  the  L  is  pivoted  at  0,  Fig.  i.     On  o&"  are  marked  the 

values  of  0.00;  i  V,  and  on  b"e"  the  values  of   „""    for  different 

angrles  of  incidence.  A  thread  is  stretched  from  0  to  a  runner 
which  slides  on  the  celluloid  arc  y'e'\  It  represents  the  line 
oe  in  Fig.   i.     A  small  celluloid  T-square,  with  a  black  centre 
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•A>3 


line  aloiii;  its  lcn«;tli.  is  placed  pcrpcndirnlar  lo  oh"  in  I-'i^.  j.  and 
is  used  lo  rcprcscnl  hr  in  1m.i;.   i. 

Since  the  efticienc\-  is  ecpial  to     '||     Im^.   i.  we  drdj)  a  perpen- 
dicular uix)n  o.v  from  il ,  the  jxiint  of  intersection  of  oc  (or  the 


Fiu.  1. 


thread),  with  the  horizontal  line  representing  the  velocity  of  ad- 
vance at  lOO  miles  per  honr,  we  have  then: 


Efficiencv 


h   o  h'  il'  /?.'  g' 


lOO 


/ji  g'  per  cent. 


eg        d  g' 

The  vertical  scale  for  the  velocity  of  advance  is  therefore  also 

Fig.  2. 


the  scale  of  efficiency  in  per  cent.,  and  the  efficiency  can  be  read 
directly. 

Having  found  the  values  of  the  thrust  factor,  efficiency,  and 
0.0051  V  from  the  chart,  the  thrust  per  foot  run  of  blade  is: 

T=  blade  width  in  feet  X  7\  =  0.0051  V  X  Ky  X  thrust  factor  X  width  .  .  (i) 
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The  torcjiic  L'  per  foot  run  is  obviously 

//  =  c  '::  '. (2) 


Va    T 
N    E 


where  ]\i  is  the  forward  velocity,  11  the  efficiency  of  the  blade 
section,  A^  the  ani^ular  velocity,  and  c  is  a  constant  depending  upon 
the  choice  of  units.  If  T  1)e  pounds,  L  pound-feet,  Va  miles  an 
hour.  N  revolutions  per  minute, 


L  =  14 


Va  T 

TV     E 


Before  using  the  computer  the  aerodynamical  properties  of 
the  blade  sections  at  different  radii  and  the  blade  widths  must  be 
known.  The  former  may  be  found  in  the  British  Aeronautical 
Report,  Eififel,  and  other  aerodynamical  laboratory  reports.  A 
series  of  aerofoils  that  have  been  tested  in  the  National  Physical 
Laboratory  in  England,  and  is  often  used  for  propeller-blade 
sections,  is  found  in  the  British  Aeronautical  Report,  1911-12. 


Illustration : 


Let  A^  =  1300  R.P.M. 
r  —  30  inches 
Va  =  90  M.P.H. 


Section 
in  feet 

Chord 
length 
in  feet 

.. 

Blade 
axle  in 
degrees 

Angle 

of 
attack 

Blade 
curve 

Lift- 
coeffi- 
cient 

Drift 
lift 

Section 

effi. 
ciency 

0.005 

Va 

Thrust 
factor 

Thrust 

per  foot 

run 

Torque 

per  foot 

run 

2 

115 

23.2 

2 

5        0-300 

i 

0  090 

0.780 

1.248 

224 

96.5 

120 

In  the  above  table  columns  2,  3,  and  5  are  fixed  by  the 
designer,  columns  6  and  7  are  found  from  the  British  Aero- 
nautical Report,  1911-12;  columns  4,  8,  9  and  10  are  found  from 
the  computer,  and  the  last  two  columns  are  computed  by  equa- 
tions (i)  and  (2). 

Having:  found  the  lift  coefficient  and     -^      ratio   for  the 

^  •  htt 

given  blade  section,  firstly,  swing  the  L  piece  until  its  line  ob" 
passes  through  the  intersection  of  the  90-mile  line  and  the  1300 
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K.L'.M.  :;()-inch  r:i(liiis  line  and  n<»licc  the  reading;-  on  ob'\  It  is 
1.248.  Tut  this  \alnc  in  column  9  in  the  above  table.  Secondly, 
set  the  small  I'-square  with  its  edji^e  at  the  point  1.248,  as  shown 
in   the   diagrani,    and    then   swinj;-   llic   thread   until   it    coincides 


with  the  o.O()()  mark  on  the 


drift 
lift 


scale.     The  intersection  of  the 


T-square  with  the  thread  i^ixes  the  thrust  factor  224  as  indicated 
on  OX.     From  the  point  of  intersection  of  the  thread  and  the 

Fk;.  3. 


ZZA 


Peripheral  VolocitL) 

Thrust  Factor 

Blade   Section    Distance 

100-mile  line  drop  a  vertical  Hue  to  ob^'  and  read  the  efficiency 
on  the  vertical  scale,  which  is  78  per  cent,  in  this  case. 
Then  the  thrust  per  running  foot  of  blade  is : 

7  =  blade  width  X  lift   coefficient  X  0.005   ^" «  ^  thrust   factor 
zz  1 .  1 5  X  0-300  X  1 .248  X  244  =  96.5  pounds 


Torque  per  running  foot  —      14 


90  X  96.5 


1300  X  .78 
—  120  foot-pounds 

Similarly  the  thrust  and  torque  of  the  other  sections  are  found. 
Plot  the  thrust,  torque,  and  efficiency  curves  with  radius  of  the 
sections  as  abscissae.  Intergate  the  areas  under  the  thrust  and 
the  torque  curves.  Then  we  have  the  total  thrust  torque  and 
efficiency  for  the  two-blade  screw : 

Thrust  per  blade  X  2  X  Va  in  feet  per  second 


Total  thrust  H.  P.  = 


Total  torque  H.  P.  = 


550 


~ X  torque  per  blade  X  2 

33000 

Overall  efificiency  =  Thrust  H.  P. -^  Torque  H.  P. 


NOTES  FROM  THE  RESEARCH   LABORATORY, 
EASTMAN    KODAK  COMPANY.* 


A  SIMPLIFIED  METHOD  OF  WRITING  DEVELOPING 

FORMULA.' 

By    C.   E.    K.    Mecs. 

Iaustkact.J 

TiiK  usual  methods  of  writing  developing  formula'  make  it 
very  ditTlicult  to  compare  different  formuke,  S(j  that  it  is  not  un- 
usual to  find  several  formuke  which  are  apparently  (luite  different, 
but  which,  if  written  in  the  same  fomi,  prove  to  be  identical  in 
composition. 

In  order  to  facilitate  the  comparison  of  formuke,  it  is  con- 
venient to  be  able  to  write  a  formula  in  one  line,  thus  enabling  a 
number  of  formuke  tO'  be  written  under  one  another  and  com- 
pared at  a  glance:  the  following  notation  enables  this  to  be  d(jne. 

The  formuke  are  expressed  in  grammes  per  litre,  the  water 
being  omitted,  then  if  R  stands  for  the  reducing  agent,  A  the 
alkali,  S  the  sulphite,  and  B  the  bromide,  the  formula  is  always 
written  in  the  order  R  A  S  B,  which  is  used  as  a  nmemonic.  Thus 
5-50-50-1  means  5  grammes  of  reducing  agent,  fifty  of  alkali, 
fifty  of  sulphite,  and  one  of  bromide  per  litre. 

In  order  to  indicate  the  particular  substances  used,  the  reduc- 
ing agents  are  represented  by  initial  letters — P  for  pyro,  H  for 
hydrochinon,  and  so  forth:  while  if  no  other  specification  is 
given,  A  represents  sodium  carbonate  dry,  S  sodium  sulphite  dry, 
and  B  potassium  bromide:  thus  P5-1 5-10-0  represents  the  fol- 
lowing developer : 

Pyro 5  gms. 

Sodium  carbonaie   (  anhydrous) 15  gms. 

Sodium  sulphite  (  anliydrous) 10  gms. 

Water  to    1000  c.c. 

Other  chemicals  are  represented  by  their  formulae  or  by  any 
other   convenient  abbreviation,   so  that  the   well-known  hydro- 

*  Communicated  by  the  Director. 

^  Communication  Xo.  52  from  the  Research  Laboratory  of  the  Eastman 
Kodak  Compan}',  published  in  British  Journal  of  Photography.  191 7,  p.  535. 
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chinon-caustic  potash  formula  used   for  process  plates  may  be 
written  U1J.5   K01T_>5-"Mcla25-i2.5,  this  corresponding  to: 

A.  Hydrochinon     12.5  gms. 

Potassium  nietobisulphite   •  •       25     gms. 

Potassium   bromide    12.5  gms. 

Water   • 500    c.c. 

B.  Caustic  potash  25    gms. 

Water     500     e.c. 

Use  equal  parts  A  and  B. 

A  convenient  means  of  classifying  developers  containing  a 
mixture  of  metol  and  hydrochinon  as  the  reducing  agent  has  been 
in  use  for  some  time  in  our  Research  Laboratory. 

As  a  result  of  a  series  of  measurements  it  was  found  that  the 
formula  5-25-55-1.5  was  most  convenient  and  suitable  for  these 
developers,  and  this  formula  was  entitled  MQX,  the  suffix  X 
representing  the  percentage  of  the  reducing  agent,  which  is  metol ; 
thus  MO20  corresponds  to  20  per  cent,  metol,  80  per  cent,  hydro- 
chinon, or  a  developer  of  the  formula : 

Metol  I    gm. 

Hydrochinon   4     gms. 

Sodium  carbonate   25     gms. 

Sodium  sulphite  75     gms. 

Potassium  bromide   i.S  gms. 

Water  to    1000    c.c. 

MQo  represents  the  same  formula  without  metol  and  with  5 
grammes  of  hydrochinon,  MQ50  corresponds  to  2 J/2  grammes 
metol  and  2^  grammes  hydrochinon,  and  MQioo  to  5  grammes 
metol  without  hydrochinon. 

The  most  useful  members  of  this  series  have  proved  to  be 
MQo,  ^IQ„  MQ25,  MQ50,  and  MQso. 
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Institute,  and  was  then  transferred  to  other  quarters,  at  the  Universit>'  of 
Pennsylvania. 

4.  In  response  to  a  request  from  the  Federal  Board  for  Vocational  Educa- 
tion, of  Washington,  D.  C,  the  Institute  has  recently  organized  and  is  now 
carrying  on  a  school  for  the  training  of  men  in  receiving  and  sending  wireless 
messages.  jMembership  in  the  classes  of  this  school  is  restricted  to  con- 
scripted men  who  are  sure  to  be  included  in  the  next  or  following  calls,  and 
whose  physical  eligibility  for  the  service  has  been  established. 
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PROCEEDINGS   OF  THE   STATED   MEETING  HELD 
WEDNESDAY,  NOVEMBER  21,  1917. 

m 

IIai.i.  of  TiiK  Fka.n'klin'  Institute, 
Philadki.phia,  November  21,  1917. 

President  Dr.  Wai.ton'  Cf.ark  in  the  Chair. 

Additions  to  nicnibcrship  since  last  report,  10. 

Mr.  Louis  E.  Levy,  Acting  Qiairman,  Committee  on  Science  and  the  Arts, 
reported  the  condition  of  the  work  of  the  committee.  The  Chairman  an- 
nonnced  that  the  first  business  of  the  meeting  was  the  presentation  of  the 
medals  recommended  for  award  by  the  Committee  on  Science  and  the  Arts. 
A  telegram  was  read  from  Mr.  Thomas  Bilyeu,  of  Astoria,  Ore.,  stating  that 
he  was  occupied  w'ith  war  duties  which  would  prevent  him  from  attending  the 
meeting,  and  requesting  that  the  ceremonies  in  connection  with  the  presentation 
of  the  John  Scott  Medal  to  him  be  postponed  for  one  month  in  order  that  he 
might  make  arrangements  to  be  present. 

Mr,  Louis  E.  Levy  was  then  recognized  and  described  the  coin  sorting, 
counting,  and  recording  apparatus  of  the  International  Money  Machine  Com- 
pany, to  whom  was  awarded  the  Edward  Longstreth  Medal  of  Merit. 

The  President  presented  the  medal  and  accompanying  certificate  to  Mr. 
H.  D.  Hoffman,  representative  of  the  company.  Mr.  Hoffman,  in  accepting 
the  award,  expressed  the  appreciation  of  his  company  for  the  honour  conferred 
upon  it. 

Mr.  Levy  was  again  recognized  and  described  the  Chainomatic  Balance,  a 
device  for  making  weighings  more  accurately  and  rapidly  than  heretofore.  He 
introduced  "Mr.  Christopher  A.  Becker,  of  the  firm  of  Christian  Becker,  Inc., 
of  New  York  City,  inventors  of  the  Chainomatic  Balance,  to  whom  had  been 
awarded  the  Edward  Longstreth  Medal  of  Merit.  The  medal  was  presented 
to  Mr.  Becker,  who  thanked  the  Institute  for  the  recognition  bestowed  upon 
them. 

M.  C.  Whitaker,  M.Sc,  D.  Chem.  Eng.,  Vice-President,  U.  S.  Industrial 
Alcohol  Company,  New  York  City,  N.  Y.,  presented  a  communication  on 
"  Industrial  Alcohol."  The  present  state  of  development  of  the  industrial 
alcohol  industry  in  the  United  States,  compared  with  developments  in  foreign 
countries,  was  discussed.  Mention  was  made  of  the  raw  materials  now  used 
and  prospects  for  future  development  of  new  sources  of  supply.  The  technical 
principles  and  problems  involved  in  the  manufacture  of  alcohol  from  various 
raw  materials  were  described,  and  a  forecast  was  made  of  the  lines  for  future 
development,  both  in  manufacture  and  in  the  use  of  the  products.  A  com- 
parison was  made  of  the  government  regulations  and  restrictions  wdiich  tend 
to  develop  or  retard  the  alcohol  industry  in  various  countries.  The  subject 
was  fully  illustrated  by  lantern  slides. 

After  a  brief  discussion  the  thanks  of  the  meeting  were  extended  to 
Doctor  Whitaker  for  his  interesting  paper. 

Adjourned.  George  A.  Hoadley, 

Acting  Secretary. 
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COMMITTEE    ON    SCIENCE    AND    THE    ARTS. 

{.Ibstrnit  of  J'roiCi'iiiiKjs  uf  the  Stated  Mi'ctin(/  held  Wednesday, 

November  7,  /y//. ) 

Hall  of  Thk  Fkanklin  Institute, 
Philadelphia,  November  7,  191 7. 

Mr.  Louis  E.  Lkvy,  Chairman  pro  tern. 

The   following  reports  were  presented   for  first   reading: 

No.   2693.— Dressier   'J'unnci    Kiln.      Report    referred   back    to    Sub- 
Committee  for  further  information. 
No.  2701.— Talbot  Air  Lift.     Reixjrt  referred  back  to  Sub-Committee 

for  further  information. 
No.  2705. — Levy  Haemocytometer. 

Geo.  a.  IIoauley, 
Acting  Secretary. 


SECTIONS. 


Section  of  Physics  and  Chemistry. — A  meeting  of  the  Section  was  held 
in  the  Hall  of  the  Institute  on  Thursday  evening,  October  25,  191 7,  at 
8  o'clock,  with  Dr.  Gellert  Alleman  in  the  chair.  The  minutes  of  the  previous 
meeting  were  read  and  approved. 

David  Fairchild,  Sc.D.,  Agricultural  Explorer  in  Charge  of  the  Office 
of  Foreign  Seed  and  Plant  Introduction,  United  States  Department  of  Agri- 
culture, Washington,  D.  C,  delivered  a  lecture  on  "  The  Palate  of  Civilized 
Man  and  Its  Influence  on  Agriculture."  The  influence  of  custom  and  fashion 
on  the  dietary  was  discussed,  and  a  description  was  given  of  various  foreign 
fruits  and  vegetables  which  have  been  introduced  into  the  United  States 
during  the  past  twenty  years.  The  lecture  was  illustrated  wath  specimens  and 
lantern  slides. 

The  paper  was  discussed  by  Doctors  Hoadley,  Harshberger,  C.  A.  Smith, 
and  others.  On  motion  of  Mr.  Louis  E.  Levy  a  vote  of  thanks  was  extended 
to  Doctor  Fairchild.    The  meeting  then  adjourned. 

Joseph  S.  Hepburn, 
Secretary. 

Electrical  Section. — A  joint  meeting  of  the  Section  and  the  Philadelphia 
Section,  American  Institute  of  Electrical  Engineers,  was  held  in  the  Hall 
of  the  Institute  on  Thursday,  November  i,  1917,  at  8  o'clock  p.m. 

In  the  absence  of  the  chairmen  of  both  sections,  the  meeting  was  pre- 
sided over  by  Doctor  Carl  Hering. 

W.  F.  G.  Swann,  A.R.C.S.,  D.Sc,  Chief  of  the  Physical  Division,  Depart- 
ment of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington,  Wash- 
ington, D.  C,  delivered  a  lecture  on  "Atmospheric  Electricity." 

The  lecturer  reviewed  our  present  knowledge  and  the  theory  of  atmos- 
pheric ionization  and  performed  experiments  showing  how  this  ionization 
was  increased  by  external  causes,  as  by  a  flame  and  by  the  rays  emanating 
from  a  glass  tube  containing  radium.  The  radio-active  materials  in  the  soil 
were    shown    to   be    one    of   the    sources    for    maintaining    the    atmospheric 
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ionization,  and  comparisons  were  shown  of  figures  taken  over  land  and  over 
sea,  the  latter  hcinj^'  ohtained  on  one  of  the  recent  voyaj^es  of  the  iion-inaj2[netic 
ship  CaniCffir  ])c\on^\n^  to  the  Carnegie  Institution. 

The  lecturer  included  slides  of  this  vessel  and  a  (l(.scrii)tion  of  the 
apparatus  used  in  makinj^:  the  measurements. 

The  evening  was  concluded  hy  a  hrief  consideration  of  G.  C.  Simpson's 
theory  of  thunderstorms. 

The  thanks  of  the  meeting  were  extended  to  the  speaker. 

H.  Calvert, 
Secretary. 

Muiituj  ami  M ctalluriiical  Section. — A  meeting  of  the  Section  was  held  in 
the  Hall  of  the  Institute  on  Thursday  evening,  November  8,  191 7,  at  8  o'clock, 
with  Dr.  Harry  F.  Keller  in  the  chair.  The  minutes  of  the  previous  meeting 
were  approved  as  read. 

Edward  W.  Parker,  Director  of  the  Anthracite  Bureau  of  Information,. 
Wilkes-Barre,  Pa.,  late  Statistician  in  Charge  of  the  Division  of  Mineral 
Resources,  United  States  Geological  Survey,  presented  a  communication  on 
"  The  Problem  of  Coal  Supply."  The  coal  resources  of  the  United  States 
were  described  with  respect  to  their  location,  extent,  and  character.  The 
relation  between  population  and  coal  production  was  pointed  out.  Stress  was 
placed  on  the  influence  of  the  coal  industry  on  the  industrial  growth  of  the 
nation.  An  account  was  given  of  the  changes  in  the  fuel  situation  which 
have  occurred  as  a  result  of  the  world  war.  The  address  concluded  with  a 
series  of  lantern  slides  showing  past  and  present-day  conditions  in  the 
anthracite  region. 

The  paper  was  discussed  at  length ;  a  vote  of  thanks  was  extended  to  Mr. 
Parker,  and  his  communication  was  referred  to  the  Committee  on  Publications. 
The  meeting  then  adjourned. 

Joseph  S.  Hepburn, 
Acting  Secretary. 

Section  of  Physics  and  Chemistry. — A  meeting  of  the  Section  w^as  held 
in  the  Hall  of  the  Institute  on  Thursday  evening,  November  15,  1917,  at 
8  o'clock,  with  Prof.  Alexander  E.  Outerbridge,  Jr.,  in  the  chair.  The  minutes 
of  the  previous  meeting  were  read  and  approved. 

William  Porter  White,  Ph.D.,  of  the  Geophysical  Laboratory,  Carnegie 
Institution  of  Washington,  Washington,  D.  C,  delivered  an  address  on  "  Heat 
and  Temperature  JMeasurement,  with  Special  Reference  to  Industrial  Work.'' 
The  evolution  of  the  calorimeter  was  traced,  and  the  good  and  bad  points  of 
each  type  of  instrument  were  pointed  out.  The  mercury  thermometer,  resist- 
ance thermometer,  and  thermocouple  were  described,  and  the  advantages  and 
disadvantages  in  the  use  of  each  were  enumerated.  The  lecture  was  illustrated 
with  lantern  slides. 

Doctors  Northrup,  Hering,  White,  Professor  Outerbridge,  Mr.  Clamer, 
and  others  participated  in  the  discussion.  On  motion  of  Mr.  Clamer,  seconded 
by  Doctor  Northrup,  a  vote  of  thanks  was  extended  to  Doctor  White.  The 
meeting  then  adjourned. 

Joseph  S.  Hepburn, 

Secretary. 
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MEMBERSHIP  NOTES. 

ELECTIONS   TO   MEMBERSHIP. 

(.S/(//('</  MiU'tiiit/,  luHird  of  Mtimujcrs,  .\  nZi'inlwr  if,  Kjiy.) 

RKSIDKNT. 

Mr.  Felix  A.  Bokrickf,  Bryn  Atliyn.   Ta. 

Dr.  John  J.    Bdkrk  kk,   Mcrioii.    Pa. 

Dr.  Edward    E.    Marhakkr,    Cliemist,    224    South    l"il"t\ -ninth    Street,    IMiila- 

delphia,  Pa. 
Mr.  E.J.  Whitk.  Chemist.  Xintli  and  Westmoreland  Streets.  I'hihidelphia.  I'a. 

N()N-KESU)ENT. 

Mr.  G.  Edward  Barnhart,  Signal  Corps  Aviation  School.  Cottage  B-6,  Unit 
No.  I,  Dayton,  Ohio. 

Mr.  Enrique  Bustos,  Mechanical  Engineer,  Baltimore  Copi)er  Works,  Balti- 
more, Md. 

Captain  Austin  L.  Hodges,  Physicist.  ]<>ankford  Arsenal.  Bridesburg,  Phila- 
delphia, Pa. 

Mr.  Samuel  Spitz,  Inventor,  ^72  Bellevue  ;\ venue.  Oakland,  Calif. 

Mr.  John  F.  Warwick,  Electrical  Engineer,  Box  3108,  Boston,  Mass. 

associate. 
Mr.  Stuart  D.  Kerr,  300  Main  Street,  Darby,  Pa. 

CHANGES    OF    ADDRESS. 

Mr.  John  Calder,  Aeromarine  Plane  and  Motor  Company,  Keyport,  N.  J. 
Mr.  Clarence  R.  Claghorn,  Vinton  Colliery  Company,  Claghorn,  Delaware 

County,  Pa. 
Major  A.  S.  Cushman,  135  South  Eighteenth  Street,   Philadelphia,  Pa. 
Mr.  Fred.  Denig,  2166  Fourteenth  Street,  Troy,  N.  Y. 
Mr.  Frederick  A.  Downes,  414  Widener  Building,  Philadelphia,  Pa. 
Mr.  Charles   N.   Forrest,   The   Barber   Asphalt    Paving   Company,   Maurer, 

N.  J. 
Mr.  Henry   Glover,   Fairfax   Apartments,   C-5,   Wayne   Avenue  and   School 

Lane,  Germantown,  Philadelphia.  Pa. 
Mr.  George  R.  Henderson,  Aldine  Hotel,  Philadelphia,  Pa. 
Mr.  Edwin  Walker  Kelly,  312  Wisconsin  Avenue,  Oak  Park,  111. 
Mr.  George  H.  McFadden,  121  Chestnut  Street,  Philadelphia,  Pa. 
Mr.  C.  L.  McIlvaine,  191  Hodge  Avenue,  Buffalo,  X.  Y. 
Mr.  William   S.  Murray,  B-1017,   Waterbury,  Conn. 
Mr.  Lawrence  T.  Paul,  776  Drexel  Building,  Philadelphia,  Pa. 
Col.   Samuel  Reber,  Army  Building,  39  Whitehall   Street,   New  York   City, 

N.  Y. 
Mr.  J.  J.  Rhoads,  407  West  Second  Street,  Oil  City,  Pa. 
Mr.  William  H.  Richmond,  Richmond  Villa,  Scranton,  Pa. 
Mr.  Edward  Rittenhouse,  2561  North  Front  Street,  Philadelphia.  Pa. 
Mr.  F.  R.  Wadleigh,  24  Broad  Street,  New  York  City,  N.  Y. 
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Mr.  Samuel  T.  Wagner,  School  House  Lane,  Germantown,  Philadelphia,  Pa. 
Mr.  Norman  T.  Whitaker,  230  Whitakcr  Building,  Washington,  D.  C. 
Mr.  R.  a.  Widdicombe,  5647  Kcnmore  Avenue,  Edgcwater  Station,  Chicago, 
111. 


NECROLOGY. 


Mr.  R.  B.  Kendig,  Hawthorne  Avenue,  Port  Chester,  N.  Y. 
Mr.  George  E.  Bartol,  Room  58,  The  Bourse,  Philadelphia,  Pa. 


LIBRARY  NOTES. 

PURCHASES. 

Alt,  H.  L. — Mechanical  Equipment  of  School  Buildings.     1916. 

AuDSLEY,  G.  A.  and  B. — Art  of  Polychromatic  and  Decorative  Turning.    1916. 

Clewell,  C.  E. — Handbook  of  Machine  Shop  Electricity.    1916. 

Croft,  Terrell. — Practical  Electrical  Illumination.  1917. 

Fletcher,  F.  M. — Wood-block  Printing.     1916. 

Harding,  L.  A.,  and  Willard,  A.  C. — Mechanical  Equipment  of  Buildings, 

vol.  2.     1917. 
HoMANS,  J.  E. — Self-propelled  Vehicles.     1913. 
Martin,   Geoffrey. — Industrial   and   Manufacturing    Chemistry,   2   volumes. 

1917- 
Millikan,  R.  a. — The  Electron.     191 7. 

National  Association  of  Cement  Users.     Proceedings,  vols.  9-10.     1912-1914. 
Pfister  and  Vogel  Leather  Company. — Leather  Specimen  Book.     19 17. 
RiCKARD,  T.  A.,  and  Ralston,  O.  C. — Flotation.     1917. 
RuTHERFORTH,  T. — System  of  Natural  Philosophy,  2  volumes.     1748. 
WooDHOusE,  Henry. — Text-book  of  Naval  Aeronautics.     1917. 

GIFTS. 

Alabama  Geological  Survey,  Bulletin  No.  19,  Statistics  of  the  Mineral  Pro- 
duction of  Alabama  for  1915,  and  Circular  No.  3,  Concerning  Oil  and 
Gas  in  Alabama.     University,  191 7.     (From  the  Survey.) 

Allied  Construction  Machinery  Corporation,  Booklet,  Machines  That  Do  the 
Work  of  Men.     New  York,  no  date.     (From  the  Corporation.) 

American  Institute  of  Mining  Engineers,  Transactions,  vol.  Iv.  New  York, 
1917.   (From  the  Institute.) 

American  Society  of  Mechanical  Engineers,  Transactions,  1916,  vol.  38. 
New  York,   1917.     (From  the  Society.) 

Armstrong-Blum  Manufacturing  Company,  Catalogue  No.  4,  of  Marvel  Tools. 
Chicago,  no  date.     (From  the  Company.) 

Armstrong  Machine  Works,  Booklet  of  Steam  Traps.  Three  Rivers,  Mich., 
no  date.     (From  the  Works.) 

Atchison,  Topeka  and  Santa  Fe  Railway  Company,  Twenty-second  Annual 
Report  for  the  Fiscal  Year  Ending  June  30,  1917.  New  York,  1917. 
(From  the  Company.) 
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Boston  and  Maine  Railroad,  Eighty- fourth  Annual  Kqxtrl  for  the  Year 
Ended  June  30.  1917.     Boston,   1917.     (I'rom  the  Company.) 

Brown  Instrinnent  Company.  Catalogue  Xo.  10,  Brown  rymmctcrs.  Phila- 
delphia, no  date.     (From  the  Company.) 

California  Department  of  Engineering.  Fifth  liiennial  Report,  Decemher  I, 
1914.  to  November  30,  1916.     Sacramento,  1917.     (From  the  Department.) 

Canada  Department  of  Mines,  Geological  Survey,  Memoir  loi.  Pleistocene  and 
Recent  Deposits  in  the  Vicinity  of  Ottawa,  with  a  DcscriiUion  of  the 
Soils,  by  W.  A.  Johnston.     Ottawa,  1917.     (From  the  Survey.) 

Canadian  Society  of  Civil  Engineers.  Transactions,  January  to  June,  191 7, 
vol.   xxxi,   part    I.     Montreal.    1917.      (From   the    Society.) 

Carrier  Engineering  Corporation,  Bulletins  Nos.  100-104,  of  .Air  Conditioning 
and  Drying  Equipment.     New  York,  1916.     (From  the  Corporation.) 

Chemical  Catalogue  Company,  Inc.,  Chemical  Engineering  Catalogue,  1917. 
New  Y^ork,  191 7.     (From  the  Company.) 

Cincinnati  Milling  Machine  Company,  Booklet  descriptive  of  the  No.  i^ 
Universal  Cutter  and  Tool  Grinder.  Cincinnati,  no  date.  (From  the 
Company.) 

Cincinnati  Rubber  Manufacturing  Company,  Catalogue  D.  Cincinnati,  191 7. 
(From  the  Company.) 

Clark,  Walton,  A  Century  of  Light.    Philadelphia,  191 7.     (Frorp  the  .Author.) 

Connecticut  Telephone  and  Electric  Company,  Catalogue  No.  26.  Telephones 
for  Interior  Use.    Meriden,  Conn.,  191 7.     (From  the  Company.) 

Crouse-Hinds  Company,  Bulletin  No.  iD,  Safety  Panels  and  Cabinets  Syra- 
cuse, N.  Y.,  1917.     (From  the  Company.) 

Didier-March  Company.  Booklet,  Automatic  Burning  in  a  Continuous  Rail- 
road Tunnel  Kiln.    Perth  Amboy,  N.  J.,  1916.     (From  the  Company.) 

Eastern  Machine  Screw  Corporation,  Booklet,  H.  &  G.  Automatic  Self- 
opening  Die  Head.    New  Haven,  Conn.,  no  date.    (From  the  Corporation.) 

Electrolytic  Purification  Company.  Electro-Chemistry  Applied  to  Sewage  Dis- 
posal, by  F.  N.  Moerk.    Philadelphia,  1917.  (From  the  Company.) 

Engineers'  Society  of  Western  Pennsylvania,  List  of  Members,  191 7.  Pitts- 
burgh, 1917.     (From  the  Society.) 

Franklin  Manufacturing  Company,  Catalogue  F.  C.  6-17,  Journal  Box  Pack- 
ings.    Franklin,  Pa.,  no  date.      (From  the  Company.) 

Grand  Rapids  Public  Library,  Forty  sixth  Annual  Report,  April  i,  1916,  to 
jMarch  31,  1917.     Grand  Rapids,  Mich.,  1917.     (From  the  Library.) 

Jeffrey  Manufacturing  Company,  Bulletin  No.  174,  Freight  and  Package 
Handling  Machinery.    Columbus,  Ohio,  no  date.     (From  the  Company.) 

Klein,  Mathias  &  Sons,  Catalogue  Xo.  17.  Chicago,  no  date.  (From  the 
Company.) 

Leland  Stanford,  Junior,  University,  Publications,  The  Use  of  Y^e  in  the 
Function  of  Thou,  by  Russell  Osborne  Stidston ;  and  Emerson,  A  State- 
ment of  New  England  Transcendentalism  as  Expressed  in  the  Philosophy 
of  Its  Chief  Exponent,  by  Henry  David  Gray.  Stanford  University, 
Calif.,  1917.     (From  the  Library.) 

Link  Belt  Company,  Books  X^'os.  79,  94,  120,  155,  157,  160,  165,  195,  213,  241, 
246,  290,  304,  308,  and  309;  Data  Book  No.  125,  and  Dodge  Department 
Catalogue,  1912.     Philadelphia,  1911-1917.     (From  the  Company.) 
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Maine    Pul)lic    Utilities    Commission,    Second    Annnal    Report    for    the    Year 

luulin/j:  October  31,  1916.     Waterville.  1917.     (From  the  Commission.) 
Marion    Steam    vSht)vel    Company,    Catalogue    No.    187  B.     Marion,   Ohio,   no 

date.     (From  the  Company.) 
Massachusetts    Board   of    Boiler    Rules,    Steam    r>oiler    Rules.      Boston,    1917. 

(  From  the  Board.) 
Michij?an  Department  of  Labor,  Thirty-fourth  Annual  Report.    Lansing,  1917. 

(From  the  Department.) 
Nagle  Corliss  Engine  Works,  Bulletin  No.  29,  August,  1917.     F>ie,  Pa.,  1917. 

(From  the  Works.) 
National  Association  of  Cotton  Manufacturers,  Transactions,  No.  102.    Boston, 

1917.     (From  the  Association.) 
National  Electric  Light  Association,  Proceedings  of  the  Fortieth  Convention, 

1917,  five  volumes.     New  York,   1917.     (From  the  Association.) 
New   Jersey    Board    of    Public   Utility    Commissioners,    Statistics    of    Public 

Utilities  for  the  Year  1915.    Union  Hill,  1917.     (From  the  Board.) 
New   York   Board   of   Water   Supply,   Eleventh  Annual   Report,    1916.  and   a 

General   Description   and   Brief   History   of   the   Catskill   Water    Supply. 

New  York,  1916-1917.     (From  the  Board.) 
New  York  City,  N.  Y.,  Department  of  Plant  and  Structures,  Report  for  the 

Year  1916.    New  York,  1917.     (From  the  Department.) 
New  York  Public  Service  Commission,  Second  District,  Tenth  Annual  Report 

for  the  Year  Ended  December  31,  1916,  vol.  i.     Albany,  1917.     (From  the 

Commission.) 
New    Zealand    Department    of    Mines,    Geological    Survey,    Palaeontological 

Bulletin  No.  4.     Wellington,   1917.      (From  the  Survey.) 
New   Zealand   Lands    and    Survey   Department,    A   Magnetic    Survey   of   the 

Dominion  of  New  Zealand  and   Some  of  the  Outlying  Islands   for  the 

Epoch,  30th  June,  1903.     Wellington,  1916.     (From  the  Department.) 
Ohio  University,  Catalogue,  1917-1918,    Athens,  1917.     (From  the  University.) 
Oliver    Continuous    Filter    Company,    Bulletin    No.    11,    Oliver    Filters.      San 

Francisco,    Calif.,    1917.  -  (From   the    Company.) 
Oliver  Machinery  Company,  Catalogue  No.  19,  Wood-working  Machinery  of 

Quality.  Grand  Rapids,  Mich.,  no  date.     (From  the  Company.) 
Pennsylvania  Commissioner  of  Banking,  Twenty-second  Annual  Report  for 

the  Year  1916,  part  i.     Harrisburg,  1917.     (From  the  State  Librarian.) 
Pennsylvania    Secretary   of    Internal    Affairs,    Annual    Report    for   the    Year 

Ending  November  30,  1916,  parts  i  and  ii.     Harrisburg,  191 7.     (From  the 

State  Librarian.) 
Philippine  Islands,  Department  of  Public  Instruction,  Bureau  of  Education, 

Seventeenth  Annual  Report  of  the  Director.     Manila,  1917.      (From  the 

Department.) 
Power    Specialty   Company,    Catalogue,    Superheated    Steam,    Foster    Super- 
heaters.    New  York,    1917.      (From  the   Company.) 
Pratt  Institute,   Catalogue,    1916-1917.     Brooklyn,   N.  Y.,    191 7.      (From  the 

Institute.) 
Queensland  Department  of  Mines,  Geological  Survey,   Publication  No.  250, 

The  Tin  Mining  Industry,  part  ii.    Brisbane.  1916.     (From  the  Survey.) 
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RocMiiiKs  Sl•ll^  COnijianN.  Win-  in   I"k'itru;il  I  ujistruclion.     Trent«»n.   N.  J.. 

igiO.      (From   the  Company.) 
Ross,  Charles.  &  Son  Cttmpany.  Calal<»KUc  Nn.  jo;  Circulars  Kos.  3-1^,  5-B, 

0-8.  antl  8-B.     Hrooklyn.  X.   V..   igi(>-i()i7.     (From  the  Company.) 
Royal   (Ontario    Nickel    Commission.    Rri)ort    and    Ai)pen(lix,    n>i7.      Toronto, 

1917.      (From  the   Commission.) 
S.  K.   F.   Ball   Bearing  Company.   Wood  working    Precision   at    liiKh    Speed. 

Hartford.  Conn..  1917.     (From  the  Company.) 
Secontl    Pan-.\merican    Scientific   C<Mi^ress.    IVoceedings,   v<»ls.   iv.    v.   \ii.   ix. 

and  X.  and  Report  of  the  Secretary  General.     Washington.  1917.     (  From 

the  Congress.) 
South    Australia   Department   of    Mines,   (icological    Survey,    liulletin    Xo.   6, 

The  Geology  of  the  Moonta  and  Wallaroo  Mining  District,  by  R.  Ix)ck- 

hart  Jack.     Adelaide,    191 7.      (From    the   Surve>-.) 
Storrs  Agricultural  Experiment  Station,  Biennial  Report  for  the  "icars  i9J3~ 

1914,   1914-1915.     Storrs,  Conn.,   1916.     (From  the  Station.) 
Sullivan  Machinery  Company,  Bulletins  Xos.  71-C  and  75-F.     Chicago,  191 7. 

(From  the  Company.) 
Tasmania  Department  of  Mines.  Geological  Survey.  Mineral  Resources  Xos. 

2,  3,  and  4.     Hobart.  1917.     (From  the  Survey.) 
Westinghouse    Lamp    Company.    Increasing   and    Improving    Production,    by 

R,  T.  Kent.     Xew  York,  191 7.     (From  the  Company.) 
WTiiting  Foundry  Equipment   Company.    Catalogues   Xos.    128,    129.  and    131. 

Harvey,  111.,  no  dates.     (From  the  Company.) 


BOOK  NOTICES. 


OcE.xx  Magxktic  Observations.  1905-1916.  and  Reports  ox  Special  Re- 
searches, by  L.  A.  Bauer.  Director,  with  the  Collaboration  of  W.  J. 
Peters.  J.  A.  Fleming.  J.  P.  Ault.  and  W.  F.  G.  Swann.  Washington, 
Carnegie  Institution  of  Washington.  1917.  447  pages,  illustrations,  tables, 
plates,  quarto.     Price  $10. 

In  this  volume  we  have  a  lucid  and  complete  account  of  the  magnetic 
surveys  of  the  ocean  conducted  by  the  Carnegie  Institution  on  the  two  vessels, 
the  Galilee  and  its  successor,  the  Carnegie.  The  observing  instruments  are 
discussed  and  portrayed,  the  methods  of  observation  and  reduction  are 
stated,  specimen  observations  are  given,  and  extensive  tables  present  the  final 
results.  The  charts  of  the  cruises  show  numerous  closed  loops  intentionally 
produced  in  order  to  facilitate  a  mathematical  attack  upon  some  of  the  general 
problems  of  the  earth's  magnetism. 

It  is  interesting  to  read  with  what  success  all  magnetic  substances  were 
banned  in  the  construction  of  the  Carnegie  except  about  600  pounds  of  springs, 
valves,  etc.,  entirely  essential  to  the  gas  producer  and  the  internal-combustion 
engine.  One  very  practical  and  immediately  available  product  of  the  survey  is 
the  possibility  of  correcting  the  charts  of  magnetic  declination  used  by- 
mariners.  In  very  many  localities  these  charts  are  incorrect  by  less  than  two 
degrees.     This  means  that  a  ship's  master,  knowing  his  location  on  the  earth's 
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surface  and  having  such  a  chart  and  a  mariners'  compass,  would  be  able  to  fix 
a  true  north  to  south  line  with  an  error  less  than  two  degrees.  Near  Queen 
Mary's  Land,  southwest  of  Australia,  however,  the  British  and  the  United 
States  charts  were  12  degrees  and  the  German  charts  no  less  than  16  degrees 
in  error. 

The  volume  is  splendidly  illustrated.  The  frontispiece,  a  picture  of  the 
Carnegie,  is  a  delight  to  the  eye.  The  friends  of  the  Director  will  be  able  to 
recognize  his  face  in  another  illustration. 

It  is  with  a  feeling  of  pride  that  the  volume  is  laid  down.  A  great  and 
permanent  contribution  has  been  made  by  American  science  to  the  world's 
knowledge  of  terrestrial  magnetism,  and  the  form  of  presentation  is  worthy  of 
the  contents. 

George  F.  Stradling. 

Notions  Generales  sur  les  Appareils  a  Reaction,  par  Paul  Popovatz.   Paris, 

Gauthier-Villars  et  Cie,  1916.    36  pages,  5^  X  9  inches,  paper,  i  franc  50. 

Always  of  the  greatest  interest,  at  the  present  time  more  than  ever  before, 
the  subject  of  propulsion  by  reaction  is  one  of  the  highest  importance.  In 
both  marine  and  aerial  propulsion  the  greatest  progress  has  been  made  by 
the  slow  process  of  evolution  from  experimental  data.  It  is  true  that  formulas 
for  thrust,  power,  efficiency,  and  the  like  have  been  derived  in  works  on 
hydraulics  and  monographs  on  propulsion ;  but  the  problem  has  not  yielded 
to  theoretic  treatment  as  readily  as  other  hydraulic  problems,  and  it  has 
been  the  practice  in  important  work  to  design  propellers  for  marine  vessels 
by  experiments  on  models  from  which  the  performance  of  the  full-size  pro- 
peller may  be  calculated.  More  recently,  however,  there  has  been  a  dis- 
position to  analyze  the  problem  more  minutely  from  a  theoretic  point  of  view 
with  the  object  of  establishing  dynamical  formulas  with  coefficients  more 
widely  applicable  than  those  in  common  use.  Undoubtedly  it  is  only  on  such 
a  sound  basis  that  a  satisfactory  theory  of  design  can  be  established. 

The  present  work  is  devoted  to  that  end  by  an  analysis  of  the  principles 
of  reaction  apparatus  based  upon  the  fundamental  formulas  of  momentum 
and  kinetic  energy.  Throughout  the  work  the  deductions  of  the  relationship 
of  thrust,  power,  and  efficiency  are  made  with  the  greatest  clarity  from  care- 
fully considered  premises,  leaving  the  reader  in  no  uncertainty  as  to  the 
significance  of  the  conclusions. 

Among  the  features  of  particular  interest  are  those  relating  to  a  rational 
mode  of  estimating  efficiency  and  a  theoretical  deduction  of  the  diameter  of 
the  jet  obtained  from  a  propeller  of  given  diameter,  a  quantity  previously 
determined  only  by  experiment.  On  the  question  of  efficiency,  the  author 
points  out  that  most  writers  consider  efficiency  from  the  standpoint  of  the 
product  of  velocity  of  the  vessel  and  thrust.  This  mode  of  rating  efficiency 
is  obviously,  as  he  states,  wholly  inapplicable  when  the  vessel  is  stationary  or 
lifted  by  the  reaction  of  a  jet;  and  he  lays  stress  on  the  value  of  considering 
efficiency  in  terms  of  jet-velocity  for  comparing  the  performance  of  vessels 
operating  under  varying  conditions  of  motion. 

This  brief  work  is  a  model  of  logical  deduction  of  the  principles  of  jet 
reaction  and  should  prove  a  material  aid  in  placing  the  design  of  propelling 
apparatus  on  a  rational  basis. 

Lucien  E.  Picolet, 
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Tm:  J.  v..  Ai.DKKi)  Lectikes  on  Encineering  Practice,  Depart ment  (»f  I-jikI- 

iiccrinK,    Johns    Hopkins    I'nivcrsity.      Rallimore,    The    Julius    Hopkins 

Press,   iQi;.     J4()  paj^es,  6   X   0  inches,  paper. 

It  has  long  heon  the  custom  of  engineering  schools  to  inchxie  in  their 
curricuhi  a  miniber  of  lectures  on  subjects  of  applied  engineering  Ity  engineers 
actively  identitied  with  professional  practice,  a  procedure  upon  whose  educa- 
tional value  it  is  scarcely  necessary  to  dwell.  The  course  maintained  in  the 
Department  of  luigineering  of  Johns  Hoi)kins  University  is  one  feature  of  a 
general  i)lan,  made  possible  by  the  gift  of  Mr.  J.  K.  Aldred,  for  furthering 
and  improving  undergraduate  instruction  in  the  methods  and  problems  in  the 
practice  of  engineering. 

The  lectures  deal,  therefore,  with  everyday  working  methods  of  design, 
construction,  and  operation  rather  than  with  underlying  theory.  During  the 
year  1916-1917  three  lectures  each  have  been  given  on  the  general  subjects  of 
civil,  electrical,  and  mechanical  engineering.  They  cover  hydraulic  and  steam 
power  projects  and  gas  manufacture:  transportation;  structural  design; 
sanitation:  and  corporate  and  public  utility  finance.  The  lectures  will  be  given 
in  succeeding  years,  in  accordance  with  the  same  general  plan.  They  are  given 
in  the  afternoon  and  are  open  to  the  pul)lic. 

Lucien  E.  Picolet. 


PUBLICATIONS  RECEIVED. 

Lubricating  Engineers  Handbook:  A  reference  book  of  data,  tables  and 
general  information  for  the  use  of  lubricating  engineers,  oil  salesmen,  operat- 
ing engineers,  mill  and  power-plant  superintendents  and  machinery  designers, 
etc.,  by  John  Rome  Battle  (B.S.  in  M.I^.). — 333  pages,  illustrations,  plates. 
8vo.     Philadelphia  and  London,  J.  B.  Lippincott  Company,  1916.     Price,  $4. 

Laboratory  Guide  of  Industrial  Chemistry,  by  Allen  Rogers,  in  charge 
of  Industrial  Chemistry,  Pratt  Institute,  Brooklyn,  N.  Y.  Second  edition, 
entirely  rewritten  and  enlarged.  212  pages,  illustrations,  i2mo.  New  York, 
D.  Van  Nostrand  Company,  191 7.     Price,  $2. 

El  Lcvantamiento  de  la  Carta  Militar  de  la  Republtca  Mexicana.  Proyecto 
que  presentan  a  la  consideracion  del  Ciudadano  Presidente  de  la  Republica 
los  Ingenieros  General  Maximiliano  Klos  y  Teniente  Coronel  Francisco  Diaz 
Babio.    63  pages,  illustrations,  plates,  Svo.    Mexico,  1917.    Price,  $3. 

United  States  Weather  Bureau:  Daily  River  Stages  at  River  Gauge 
Stations  on  the  Principal  Rivers  of  the  United  States,  vol.  xiv  for  the  year 
1916,  by  Alfred  J.  Henry,  Professor  of  Meteorology.  278  pages,  quarto. 
Washington,   Government   Printing  Office,   1917. 

North  Carolina  Geological  and  Economic  Survey:  Economic  Paper  No. 
44,  Highway  Work  in  North  Carolina  During  the  Calendar  Year  Ending 
December  31,  1914:  A  Statistical  report  compiled  by  Joseph  Hyde  Pratt, 
State  geologist,  and  Miss  H.  M.  Berry,  secretary.  64  pages,  Svo.  Economic 
Paper  No.  45,  Proceedings  of  Eighth  Annual  Drainage  Convention  of  the 
North  Carolina  Drainage  Association,  held  at  Belhaven,  N.  C,  November 
29,  30,  and  December  i,  1915.  Compiled  by  Joseph  Hyde  Pratt,  State  geologist, 
and  Miss  H.  M.  Berry,  secretary.    90  pages,  Svo.    Raleigh,  State  printers,  1917. 
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Canada  Department  of  Mines,  Mines  Branch:  The  Production  of  Iron 
and  Steel  in  Canada  During  tlie  Calendar  ^'ear  1916,  by  John  McLcish,  B.A., 
Chief  of  the  Division  of  Mineral  Resources  and  Statistics.  50  pages,  8vo. 
Ottawa,  Government  Printing  Bureau,  1917. 

U.  S.  Bureau  of  Mines:  lUilletin  136,  Deterioration  in  the  Heating 
Value  of  Coal  During  Storage,  by  ilorace  C.  Porter  and  F.  K.  Ovitz.  38 
pages,  illustrations,  8vo.  Bulletin  139,  Control  of  Hookworm  Infection  at 
the  Deep  Gold  Mines  of  the  Mother  Lode,  California,  by  Dr.  James  (i. 
Gumming,  Director  of  the  Bureau  of  Communicable  Diseases,  California 
State  Board  of  Health,  and  Joseph  H.  White,  Sanitary  Engineer,  U.  S. 
Bureau  of  Mines.  52  pages,  illustrations,  8vo,  Monthy  Statement  of  Coal- 
mine Fatalities  in  the  United  States,  August,  191 7.  27  pages,  8vo.  Technical 
Paper  98,  Effect  of  Low-temperature  Oxidation  on  the  Hydrogen  in  Coal 
and  the  Change  in  Weight  of  Coal  on  Drying,  by  S.  H.  Katz  and  H.  C. 
Porter.  16  pages,  illustrations,  8vo.  Washington,  Government  Printing 
Office,  1917. 

U.  S.  Department  of  Agriculture:  Circular  79,  Emergency  Fuel  from  the 
Farm  Woodland,  by  A.  F.  Hawes,  Extension  Specialist.  8  pages,  8vo. 
Washington,  Government  Printing  Office,   191 7. 

Natural  Reproduction  from  Seed  Stored  in  Forest  Floor,  by  J.  V. 
Hofmann.  Reprinted  from  Journal  of  Agricultural  Research,  vol.  xi.  No.  i. 
26  pages,  plates,  map,  8vo.    Washington,  Government  Printing  Office,  1917. 

U.  S.  Bureau  of  the  Census:  Census  of  Manufacturers,  1914.  Agri- 
cultural implements.  Prepared  under  the  supervision  of  W.  i\L  Stewart, 
chief  statistician  of  manufactures.  12  pages,  quarto.  Washington,  Govern- 
ment Printing  Office,  191 7. 


Etching  Steel  Electrically.  x\non.  (Scientific  American^  vol. 
cxvii.  No.  18,  p.  334,  November  3,  191 7.) — An  electric  pencil  or 
"  etchograph  "  for  writing  or  drawing  on  a  piece  of  steel,  so  that 
the  marking  is  etched  deeply  and  permanently,  has  been  perfected 
by  William  Brester,  of  New  York  City.  The  device  consists  of  a 
pencil  member  and  a  step-down  transformer  which  can  be  connected 
to  an  alternating-current  socket.  From  the  secondary  or  low-voltage 
side  of  the  transformer  one  lead  is  connected  to  the  work,  the  other 
to  the  pencil  member.  The  pencil  has  a  hard-rubber  handle  and  a 
metal  clamp  which  holds  a  short  length  of  ordinary  copper  wire. 

As  the  electric  pencil  is  drawn  over  the  steel  surface  of  the  work, 
great  heat  is  developed  at  the  point  of  contact.  The  etching  depth 
can  be  readily  varied  by  means  of  a  rheostat.  Operating  on  a 
iio-volt,  60-cycle  circuit,  the  transformer  requires  a  current  of  i^ 
to  2  amperes  and  delivers  about  20  amperes  at  2  volts  to  the  copper 
point  of  the  pencil.  It  is  said  that  the  etchograph  is  adapted  to 
marking  either  iron  or  steel,  and  all  classes  of  high-speed  carbon 
and  machine  steel,  whether  in  the  hardened  or  soft  condition. 
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Plumbago  Crucibles.  Anon.  {lin</iucrriny  and  Mining  Journal, 
vol.  104,  No.  iS,  }).  797,  Xovembcr  },,  \<)iy.) — The  nianulaclure  of 
plumbago  crucil)lcs  has  been  seriously  affccU'd  by  condilions  due  to 
llie  i)rcsent  war.  The  disturbances  liave  extended  t(j  the  users  of 
crucibles,  involving  increased  costs  and  in  some  cases  reducing  output 
because  of  the  shortage  of  crucibles  of  the  proper  quality. 

The  important  and  essential  ingredients  of  j)lunibag()  crucibles 
are  the  plumbago  and  the  clay  which  serves  to  hold  the  crucible 
together  during  manufacture  and  in  use.  The  supply  of  plumbago 
comes  largely  from  the  Island  of  Ceylon.  In  October.  1914,  the 
British  (Government  placed  an  embargo  on  plumbago  exj>orts  from 
Ceylon  lasting  more  than  four  months.  This  exhausted  the  reserve 
stocks  of  American  manufacturers.  After  the  embargo  was  raised 
shipments  were  generally  regular  enough  to  meet  requiremnets  ex- 
cept for  short  periods.  Before  the  war  all  the  clay  for  plumbago 
crucibles  was  imported  almost  exclusively  from  the  town  of  Klingen- 
berg,  in  the  western  part  of  Gennany.  The  clay  is  remarkably  clear 
and  uniform,  and  the  deposit  large  enough  to  su])i)ly  all  demands 
that  have  been  made  upon  it. 

Soon  after  the  war  Germany  prohibited  the  shipment  of  this 
clay,  and  it  became  necessary  to  find  a  substitute.  In  trying  out 
different  mixtures  the  plan  was  adopted  to  make  trial  lots  of  six 
crucibles  from  each  blend  of  clay.  As  it  takes  from  two  to  three 
months  to  make  and  burn  crucibles  and  get  results  from  tests  of 
users,  progress  is  slow.  While  before  the  war  25  to  30  heats  were 
secured  from  each  crucible,  the  first  use  of  domestic  clays  gave  only 
four  or  five.  At  present,  however,  15,  20,  and  25  heats  are  obtained 
from  an  average  size  crucible,  such  as  Xo.  80,  used  in  standard  rolling- 
mill  practice.  By  a  process  of  elimination  the  clays  now  in  use 
are  comparatively  few,  and  a  steady  improvement  is  expecteci  in 
the  quality  of  crucibles.  However,  the  cost  of  the  domestic  clay  is 
more  than  double  that  of  the  German  clay. 

Recent  Industrial  Uses  of  Aluminum.  F.  G.  Shull.  (Jour- 
nal of  the  American  Institute  of  Metals,  vol.  xi,  No.  i,  June,  1917.)  — 
Aluminum  is  now  so  widely  used  for  a  variety  of  purposes  in  differ- 
•ent  forms  that  new  applications  and  new  forms  of  the  metal  come 
into  use  almost  unnoticed.  The  new  forms  that  have  acquired 
commercial  importance  only  in  very  recent  years  are :  aluminum 
foil;  aluminum  bottle  caps  and  jar  closures;  manufactures  involv- 
ing autogenous  welding ;  die  and  pressed  castings ;  tubing  for  store 
■service ;  rolled  rod  for  machining  purposes ;  and  aluminum  conduc- 
tors, steel  reinforced. 
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The  aluminum  foil  industry  has  grown  from  i)ractically  nothing 
to  a  volume  of  business  involving  many  tons  of  aluminum  annually. 
yMuminum  ioW,  i)rintc{l  and  embossed,  is  extensively  used  as  a  pro- 
tection and  ornamental  wrapper  for  soaps,  confectionery,  and  the 
like.  Plain  foil  is  used  to  some  extent  in  electrical  condensers. 
The  most  recent  use  is  for  the  lining  of  pulj^-board  cartons  for  the 
packaging  of  cotTee.  This  combination  of  jxickage  possesses  mois- 
ture-resisting and  oil-retaining  characteristics  not  inferior  to  the  tin 
can  as  a  coffee  container. 

The  development  of  a  process  of  welding  aluminum  by  means 
of  the  oxyhydrogen  and  oxyacetylene  flame  has  opened  an  almost 
limitless  field  for  the  outlet  of  aluminum.  Sheet  aluminum  of  all 
gauges  thicker  than  one  thirty-second  of  an  inch  can  be  readily 
welded  and  the  seam  dressed  of¥  so  that  it  is  difficult  to  locate  the 
joint.  The  difficulties  of  die-casting  aluminum  appear  to  have  been 
overcome,  and  there  are  several  companies  that  claim  to  successfully 
die-cast  this  metal.  Another  quite  recent  development  is  the  sub- 
jecting of  sand  castings  to  very  high  pressures  in  order  to  render 
the  metal  more  dense  and  to  increase  its  strength ;  the  machining 
qualities  are  also  improved.  High  alloy  rods  are  now  rolled  in 
practically  all  commercial  sizes.  In  the  past  commercial  aluminum 
rod  has  been  largely  a  drawn  product.  By  the  rolling  process  a 
more  homogeneous  material  is  produced  than  is  attainable  by  the 
rolling  process,  making  available  a  good  machining  aluminum  rod 
in  all  commercial  sizes  for  automatic  machine  and  turret  lathe 
products. 

Aluminum  electric  transmission  cable,  steel-reinforced,  has  been 
in  commercial  use  on  an  extensive  scale  for  the  past  few  years. 
Steel  reinforcement  was  adopted  in  order  to  reduce  the  greater 
sag  of  the  line  incident  to  the  greater  coefficient  of  expansion  and 
inferior  tensile  strength  as  compared  with  copper  cable.  It  has  been 
found  feasible  to  construct  these  cables  with  any  standard  number 
of  strands  and  to  meet  required  conditions  of  strength  and  sag. 
To-day  many  of  the  most  modern  transmission  lines  are  built  with 
this  cable. 
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The  Board  of  Trustees  was  formed  in  accordance  with  the  following 
By-Laws  passed  in  the  year  1887: 

All  Real  and  Personal  Estate  of  the  Institute  which  may  hereafter  be  acquired 
by  voluntary  subscription  or  devise,  bequest,  donation,  or  in  any  way  other  than 
through  its  own  earnings  or  by  investment  of  its  own  funds,  saving  where  the 
donors  shall  expressly  provide  to  the  contrary,  shall  be  taken  as  acquired  upon 
the  condition  that  the  same  shall  be  vested  in  a  Board  of  Trustees,  who  shall  be 
appointed  in  the  manner  hereinafter  indicated.  Unless  the  title  to  such  property 
shall  be  directly  vested  in  said  Board  of  Trustees  by  the  donors,  the  Institute, 
by  deed  attested  by  the  President  and  Secretary,  which  they  are  hereby  author- 
ized to  execute  and  deliver,  shall  forthwith  convey  the  same  to  said  Trustees, 
who  shall  hold  it  in  trust  for  the  purposes  specifically  designated  by  the  donors; 
or.  if  there  shall  be  no  specific  designation,  for  the  benefit  of  the  Institute  in  the 
way  and  manner  hereinafter  provided,  so  that  the  same  shall  not,  in  any  event, 
be  liable  for  the  debts  of  the  Institute. 

This  method  of  separating  the  body  holding  the  principal  of  the  various 
funds  from  the  Board  of  Managers,  the  spending  body,  is  an  original  idea 
of  The  Franklin  Institute  and  it  is  hoped  it  will  appeal  to  friends  who  may 
desire  to  create  funds  to  further  the  objects  of  the  Institute,  and  the 
various  branches  of  science  in  which  they  may  be  interested. 
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MEMBERSHIP. 

Terms  and  Privileges. 

THE  MEMBERSHIP  OF  THE  INSTITUTE  is  divided  into  the  following 
classes,  viz.:  Resident  Members,  Stockholders,  Life  Members,  Permanent  Members, 
Non-resident  and  Associate  Members. 

Any  one  interested  in  the  purposes  and  objects  of  The  Institute  and  ex- 
pressing a  willingness  to  further  the  same  may  become  a  member  when  proposed 
by  a  member  in  good  standing  and  elected  by  the  Board  of  Managers. 

TERMS.— Resident  members  pay  Fifteen  Dollars  each  year.  The  payment 
of  Two  Hundred  Dollars  in  any  one  year  secures  Life  Membership,  with  exemp- 
tion from  annual  dues. 

STOCK. — Second-class  stockholders  pay  an  annual  tax  of  Twelve  Dollars 
per  share,  and  the  holder  of  one  share  is  entitled  by  such  payment  to  the 
privileges  of  membership. 

PRIVILEGES. — Each  contributing  member  (including  non-residents)  and 
adult  holder  of  second-class  stock  is  entitled  to  participate  in  the  meetings  of 
The  Institute,  to  use  the  Library  and  Reading  Room,  to  vote  at  the  Annual 
Election  for  officers,  to  receive  tickets  to  the  lectures  for  himself  and  friend,  to 
attend  the  Section  meetings  and  to  receive  one  copy  of  the  Journal  free  of 
charge,  except  associate  members,  who  may  not  take  part  in  elections. 

PERMANENT  MEMBERS.— The  Board  of  Managers  may  grant  to  any 
one  who  shall  in  any  one  year  contribute  to  The  Institute  the  sura  of  One 
Thousand  Dollars  a  permanent  membership,  transferable  by  will  or  otherwise. 

NON-RESIDENT  MEMBERS.— Newly  elected  members  residing  perma- 
nently at  a  distance  of  twenty-five  miles  or  more  from  Philadelphia  may  be 
enrolled  as  Non-resident  Members,  and  are  required  to  pay  an  entrance  fee  of 
Five  Dollars,  and  Five  Dollars  annually.    Non-resident  Life  Membership,  $75.00. 

Contributing  members,  if  eligible,  under  the  non-resident  clause,  on  making 
request  therefor,  may  be  transferred  to  the  non-resident  class  by  vote  of  the 
Board  of  Managers,  and  are  required  to  pay  Five  Dollars  annually. 

ASSOCIATE  MEMBERS. — Associate  members  are  accorded  all  the  privi- 
leges of  The  Institute,  except  the  right  to  vote  or  hold  office,  upon  the  payment 
of  annual  dues  of  Five  Dollars.  This  class  of  membership  is  limited  to  persons 
between  the  ages  of  seventeen  and  twenty-five  years.  Upon  reaching  the  age 
limit  they  become  eligible  to  the  other  classes  of  membership. 

RESIGNATIONS  must  be  made  in  writing^  and  dues  must  be  paid  to  the  dale 
of  resignation. 

For  further  information  and  membership  application  blanks  address  the 
Secretary  of  The  Institute. 
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THE  JOHN  SCOTT  LEGACY 
MEDAL    AND    PREMIUM 

THE  City  of  Philadelphia  holds  in  trust  under  the 
legacy  of  John  Scott,  of  Edinburgh,  a  sum  of  money 
the  interest  of  which  is  to  be  used  for  the  encourage- 
ment of  * '  ingenious  men  and  women  who  make  useful  in- 
ventions." The  legacy  provides  for  the  distribution  of 
a  Medal,  inscribed  "To  the  Most  Deserving,"  and  Money 
Premium  in  the  sum  of  $20  to  such  persons  whose  inven- 
tions shall  merit  the  same.  The  examination  of  the  in- 
ventions submitted  for  the  Medal  and  Premium  has  been 
delegated  by  the  Board  of  Directors  of  City  Trusts, 
of  the  City  of  Philadelphia,  to  The  Franklin  Institute, 
and  The  Institute,  under  the  competent  assistance  of  its 
Committee  on  Science  and  the  Arts,  undertakes  to  make 
investigations  free  of  charge  and  to  recommend  for  the 
award  all  meritorious  inventions. 

Applications  should  be  addressed  to  the  Secretary  of 
The  Franklin  Institute,  from  whom  all  information 
relative  thereto  may  be  obtained. 

Pursuant  to  the  regulations  for  the  award  of  the  John 
Scott  Legacy  Medal  and  Premium,  The  Franklin 
Institute,  of  the  State  of  Pennsylvania,  has  under 
consideration  favorable  reports  upon  the  applications 
advertised  in  this  Journal.  Any  objection  to  the  pro- 
posed awards,  based  on  evidence  of  lack  of  originality  or 
merit  of  the  invention,  should  be  communicated  to  the 
Secretary  of  The  Institute  within  three  months  of  the 
date  of  notice. 
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THE  BOYDEN  PREMIUM 


URIAH  A.  BOYDEN.  ESQ.,  of  Boston,  Mass.,  has 
deposited  with  The  Franklin  Institute  the  sum  of 

one  thousand  dollars,  to  be  awarded  as  a  premium  to 

"Any  resident  of  North  America  who  shall  determine  by  experi- 
ment whether  all  rays  of  light,*  and  other  physical  rays,  are  or  are 
not  transmitted  with  the  same  velocity."         ::         ::         ;:         :: 

The  following  conditions  have  been  established  for  the  award  of  this  Premium: 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a  competitor  for 
the  Premium;  the  southern  boundary  of  Mexico  being  considered  as  the  southern  limit  of 
North  America. 

2.  Each  competitor  must  transmit  to  the  Secretary  of  The  Franklin  Institute  a  memoir 
describing  in  detail  the  apparatus,  the  mode  of  experimenting  and  the  results;  and  all  memoirs 
received  by  him  after  the  first  day  of  January,  one  thousand  nine  hundred  and  seventeen,  will. 
as  soon  as  possible  after  this  date,  be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  The  Franklin  Institute  shall,  before  the  first  day  of 
January,  one  thousand  nine  hundred  and  eighteen,  select  three  citizens  of  the  United  States  of 
competent  scientific  ability,  to  whom  the  memoir  shall  be  referred;  and  the  said  Judges  shall 
examine  the  memoirs  and  report  to  The  Franklin  Institute  whether,  in  their  opinion,  any. 
and,  if  so,  which  of  the  memoirs  is  worthy  of  the  Premium.  And.  on  their  report.  The  Franklin 
Institute  shall  decide  whether  the  Premium  shall  be  awarded  as  recommended  by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  contain  some  motto  or  sign  by  which  it  can 
be  recognized  and  designated,  and  shall  be  accompanied  by  a  sealed  envelope,  endorsed  on  the  out- 
side with  some  motto  or  sign,  and  containing  the  name  and  address  of  the  author  of  the  memoir. 
It  shall  be  the  duty  of  the  Secretary  of  The  Franklin  Institute  to  keep  these  envelopes 
securely  and  unopened  until  the  Judges  shall  have  finished  their  examination;  when,  should  the 
Judge*  be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the  Premium,  the  corresponding 
envelope  shall  be  opened,  and  the  name  of  the  author  communicated  to  The  Institute.  The 
sealed  envelopes  accompanying  unsuccessful  memoirs  will  be  destroyed  unopened,  in  the  presence 
of  the  Board  of  Managers. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  described  in  any  of 
the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoirs  presented  for  the  Premium  shall  become  the  property  of  THE  FRANKLIN 
INSTITUTE,  and  shall  be  published  as  it  may  direct. 

The  problem  has  been  more  specifically  defined  by  the  Board  of  Managers,  as  follows: — 
"Whether  or  not  all  rays  in  the  spectrum  known  at  the  time  the  offer  was  made,  namely, 
March  23,  1859,  and  comprised  between  the  lowest  frequency  known  thermal  rays  in  the  infra- 
red, and  the  highest  frequency  known  rays  in  the  ultra-violet,  which  in  the  opinion  of  the 
Committee  lie  between  the  approximate  frequencies  of  2  x  10'*  double  vibrations  per  second  in 
the  infra-red  and  8  x  10"  in  the  ultra-violet,  travel  through  free  space  w^ith  the  same  velocity." 

♦An  award,  made  during  the  year  1907,  covered  the  solution  of  the  problem  so  far  as  the 
transmission  of  the  visible  and  ultra-violet  rays  is  concerned.  It  has  been  directed  by  the  Board 
of  Managers  that  the  balance  of  the  fund  be  retained,  to  be  awarded  to  such  person  as  shall 
demonstrate  whether  or  not  the  infra-red  rays  are  or  are  not  transmitted  with  the  same  velocity 
as  the  other  rays. 
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JOURNAL  CONTRIBUTIONS 


By  a  resolution  of  the  Committee  on  Science  and 
the  Arts,  made  October  5,  1910,  all  papers  published  in 
the  Journal  of  The  Franklin  Institute  will  be  subject  to 
the  award  of  one  of  the  following  Medals — 

The  Howard  N.  Potts 
Gold  Medal 


The  Edward  Longstreth 
Silver  Medal 

The  merits  of  the  several  papers  appearing  in  the 
Journal  during  any  current  year  will  be  passed  upon 
by  a  Special  Committee  appointed  for  the  purpose. 

R.  B.  OWENS, 

Secretary 
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THE  FRANKLIN  INSTITUTE  AWARDS 


THE  ELLIOTT  CRESSON 
MEDAL 


THE  FRANKLIN  INSTITUTE  awa/ds  the  ELLIOTT 
CRESSON  GOLD  MEDAL  under  the  provisions  of  the 
Deed  of  Trust  from  ELLIOTT  CRESSON  of  the  City  of 
Philadelphia,  dated  the  Eighteenth  day  of  February,  1848, 
on  the  recommendation  of  its  Committee  on  Science 
and  the  Arts. 

"This  Medal  and  Diploma  shall  be  awarded  for  dis- 
covery or  original  investigation,  adding  to  the  simi  of 
human  knowledge  irrespective  of  commercial  value; 
leading  and  practical  utilization  of  discovery;  and  inven- 
tion, methods  or  products  embodying  substantial  elements 
of  leadership  in  their  respective  classes,  or  unusual  skill 
or  perfection  in  workmanship." 

For  further  information  address  the  Secretary  of  THE 
INSTITUTE. 
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Notice  is  hereby  given  that  the  Committee  on 
Science  and  the  Arts  of  THE  FRANKLIN  INSTITUTE 
has  recommended  the  award  of 

The  Elliott  Cresson  Medal 

TO 

Col.  Isaac  Newton  Lewis 

Of  Montclaip,  N.  J. 
FOR  HIS 

INVENTION 

OF  THE 

LEWIS  MACHINE  GUN 

Any  objection  to  the  above  recommendation  based 
on  evidence  of  lack  of  merit  should  be  communicated 
within  three  months  of  the  date  of  this  notice  to 
the  Secretary  of  THE  FRANKLIN  INSTITUTE, 
Philadelphia. 

GEO.  A.  HOADLEY, 

Acting  Secretary. 


Hall  of  The  Institute 

October,  1917. 
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Notice  is  hereby  given  that  THE  FRANKLIN  INSTITUTE, 

through  its   Committee  on    Science   and    the   Arts,   will 

recommend  the  award  of 


THE  HOWARD   N.  POTTS  MEDAL 

To 

DR.  A.  E.  KENNELLY 

of  the  Massachusetts  Institute  of  Technology 
Cambridge,  Mass. 
For  his  Invention  of  the 

HOT-WIRE  ANEMOMETER 

and  his  Application  of  this  Device  to  the  Measurement  of 
Convection  from  Small  Heated  Wires 


Any  objection  to  the  above  award  based  on  evidence  of 
lack  of  merit  should  be  communicated  within  three 
months  of  the  date  of  this  notice  to  the  Secretary  of 
THE  FRANKLIN  INSTITUTE,  Philadelphia. 

GEO.  A.  HOADLEY, 

Acting  Secretary. 


HALL  OF  THE  INSTITUTE 
November,  1917 
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Notice  is  hereby  given  that  THE  FRANKLIN  INSTITUTE, 

through    its    Committee    on    Science    and     the  Arts,  will 

recommend  the  award  of 


THE  HOWARD  N.  POTTS  MEDAL 
To 

PROF.  LOUIS  VESSOT  KING 

of  McGill  University,  Montreal,  Canada 

For  his  Improved  Method  and 
Researches  in 

HOT-WIRE  ANEMOMETRY 


Any  objection  to  the  above  award  based  on  evidence  of 
lack  of  merit  should  -  be  communicated  within  three 
months  of  the  date  of  this  notice  to  the  Secretary  of 
THE  FRANKLIN  INSTITUTE,  Philadelphia.  ^'^r^ -:r 

GEO.  A.  HOADLEY, 

Acting  Secretary 


HALL  OF  THE  INSTITUTE 
November,  1917 
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